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ABSTRACT 
Among the various avenues available for efficient     removal, absorption in aqueous 
alkanolamine solutions is long proven and has been most effective so far. However, solvent 
loss and high regeneration costs of alkanolamines have driven researchers for new and 
alternative technologies like induction of ionic liquid as suitable absorbent. An ionic liquid 
(IL) is a salt in a liquid state, consisting of an organic cation and an organic or inorganic 
anion. Recently room temperature ionic liquids (ILs); called green solvents are emerging as 
promising candidates to capture    due to their wide liquid range, low melting point, 
negligible vapor pressure, high     solubility and reasonable thermal stability. However, 
these solvents, suffer from a major disadvantage of high viscosities in their unreacted state, 
which makes them very difficult to handle and transport in an industrial scenario. To make up 
for this, combining RTILs with conventional solvents like alkanolamines have been proposed 
and desirable results have been found (as per the open literature). Again, owing to the huge 
number of possible combinations between cations and anions and blends of the resulted 
ILS/RTILs with alkanolamines, a solvent screening procedure became essential in narrowing 
down the solvents/blended solvents with the desired properties. In view of this, various 
thermophysical and physicochemical properties intended for CO2 absorption were predicted 
for the ionic liquids as well as their alkanolamine blends using the computational chemistry 
software “cosmotherm”.  
The cations including 1,1-dialkyl pyrrolidiniums, 1-alkyl-3-methyl imidazoliums, 1-
alkyl pyridiniums, choline, ammoniums, uroniums and thiouroniums and the anions  BF4 
(tetrafluoro borate), DCA(dicyanamide), PF6 (hexafluoro phosphate), EtSO4 (ethyl sulfate) 
and TF2N (bis(trifluoromethylsulfonyl)imide) were considered for creating the huge database. 
The alkanolamine solvents considered were Monoethanolamine (MEA), Diethanolamine 
(DEA) Methyl diethanolamine (MDEA), 2-amino-2-methyl propanol (AMP) and 2-
piperidine ethanol (PE).  
Various properties like density, heat capacities, viscosities, conductivity, melting 
point etc were studied by changing the substituent cation or anion of ILS/RTILs and their 
combinations with alkanolamines as well. CO2 absorption capacity of the RTILs and their 
blends with alkanolamine solvents were explored. Further, attempt was made in determining 
the fractional free volume of the different combinations of the RTILs and their blends with 
alkanolamines and co-relating it with CO2 solubility. On comparison of the predicted 
properties, it has been noticed that the anions TF2N and PF6 exhibits the most desirable 
vii 
 
properties in combination with the solvents MEA, DEA and PE. The solubilities of the 
various alkanolamine solvents in the selected RTILs were also analyzed. Solvents with a high 
solubility in the RTILs are desirable. The extent of environmental friendly nature of the 
alkanolamine solvents was also analyzed in terms of octanol-water partition coefficient(   ). 
The screened solvents in this study might be proving their worth on experimental verification. 
 
 
Keywords: Thermophysical property predictions, solvent screening, room temperature ionic 
liquids, alkanolamines, sterically hindered amines 
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CHAPTER 1 
INTRODUCTION TO SOLVENT SCREENING FOR CARBON 
DIOXIDE ABSORPTION IN IONIC LIQUIDS USING 
COSMOTHERM 
Global warming has been identified as the major factor leading to the rise of temperature of 
the earth‟s climatic conditions. The need for significant reduction of the carbon dioxide levels 
in the atmosphere has become the need of the hour. The emissions, rising mostly out of coal-
fired plants, refineries, power generation plants are the sources of CO2. The need has arisen to 
design potent and economic solvent for the carbon dioxide absorption. Many experimental 
and computational works has been done on CO2 capture, including amine scrubbing, wet 
scrubbing, physical absorption, chemical absorption, membrane based separations, cryogenic 
separation etc. Due to the high volatility corrosiveness, solvent degradation along with low 
thermal stability, high regeneration energy of many conventional alkanolamines solvents has 
driven the researchers for exploring newer solvents. An ideal solvent for carbon dioxide 
capture should possess the following properties. 
 [1]
 
 High thermal stability to reduce solvent degradation at high temperatures  
 Low toxicity and environmental friendly  
  Negligible vapour pressure 
 Low corrosiveness 
 The ability to absorb CO2 without much cooling of the humid gas streams  
  A high regeneration efficiency 
 low viscosity 
 A Lewis basicity to show strong affinity towards CO2 
Recently room temperature ionic liquids (ILs); called green solvents are emerging as 
promising candidates to capture    due to their wide liquid range, low melting point, 
negligible vapor pressure, high     solubility and reasonable thermal stability. Off late, the 
idea of mixing ILs and alkanolamines has been receiving great attention from the industries. 
In the light of considerable disadvantages in the usage of conventional solvents like MEA, 
DEA etc, the search for solvents with better properties have made ionic liquids an ideal 
candidate for carbon dioxide capture. An ionic liquid (IL) is a salt in a liquid state, consisting 
of an organic cation and an organic or inorganic anion. The physical properties like melting 
2 
 
point, density and viscosity of the ILs can be tuned by changing the substituents of the cation 
or anion and thus these are referred to as „designer solvents‟. They possess a wide range of 
properties including:a) negligible or zero vapor pressure or  non volatility, b) non flammable 
c) highly solvating-therefore low volumes used, implying process intensification d) catalysts 
as well as solvents e) indulge highly selective reactions f) easy separation g) 
electrochemically stable, broad electrochemical window, from 4.5 to 6V  h) low toxicity i) 
high mechanical stability i) tunable miscibility k) common and tunable chirality j) viscosity 
in the range of 22-40,000 cP  k) density in the range of 0.8-3.3 g/cm
3  
l) refractive index in the 
range of 1.5-2.2 m) thermally stable under conditions upto200
o
C  and oxidative stable n) 
some are water sensitive and must be used in a dry box, others are hydrophobic and air stable 
o) acidic composition are superacids (pK=-20), exhibits Bronsted, Lewis and super acidity p) 
excellent solvents for organic, inorganic and polymeric materials and q) melting point range 
of -96 to 200
o
C.
[2],[3].
 
 
Figure 1.1: Ionic Liquid Representation 
It has been estimated that there might exist upto 10
9
 to 10
18
 ionic liquids by varying the anion 
or the cation part of the ionic liquid. It‟s impossible to experimentally study all the available 
combinations of the ionic liquid, in search of a potent solvent for carbon dioxide absorption. 
Therefore, it‟s only justifiable that an initial computational survey is done to narrow down all 
the possible combinations of ILs that may serve the purpose at hand the best. There are many 
thermophysical property prediction softwares as well as the computational chemistry 
modelling software available Cosmothermx employing COSMO-RS theory has been used for 
the current study. 
   Room temperature ionic liquids (RTILs) are a viable candidate having a lot of 
properties suitable for a CO2 absorption solvent. But these systems, suffer from a major 
disadvantage of high viscosities in their unreacted state which makes them very difficult to 
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handle and transport in an industrial scenario. Also, their CO2 adducts are intractable tars 
which reduces their utility in CO2 absorption. To make up for this, combining RTILs with 
conventional solvents like alkanolamines have been proposed and desirable results have been 
found.
[4]
 .This opened up the door for designing new and potential solvents by combining 
RTILs with a whole range of conventional solvents with all the desirable properties. Again, 
owing to the huge number of possible combinations, a solvent screening procedure became 
essential in narrowing down the solvents with the desired properties. In this premise, a fast 
computational screening process was a necessity and Cosmothermx software was chosen for 
that purpose. 
1.1 Objective of the thesis 
The aim of this study is to design ideal room temperature ionic liquid solvents and 
combinations of them with suitable alkanolamine solvents for optimal carbon dioxide 
capture thus, providing a property database for the same. 
The stated objectivity incited the following scopes under the present dissertation: 
1. Property prediction: creation of a general ionic liquid property (including the RTILs 
in specific) database (properties like density, heat capacity, melting point, viscosity 
etc) constituted of a wide range of cations and anions to test their utility as a solvent 
for CO2 absorption 
2. Thermophysical property prediction: CO2 gas solubility and fractional free volume 
studies of selected combinations of room temperature ionic liquids, consisting of 12 
cations and 5 anions. 
3. (RTILs+ alkanolamine) solvent screening: CO2 gas solubility, fractional free volume 
for combinations of RTILs with the solvents:1) Monoethanolamine (MEA), 2) 
Diethanolamine (DEA) 3) Methyl diethanolamine (MDEA) 4)2-amino-2-methyl 
propanol (AMP)and 5)2-piperidine ethanol (PE) 
4. Prediction of octanol-water partition coefficients for the alkanolamines proposed: In 
order to assess their environmental friendliness.  
 
1.2 Organization of the Thesis 
Chapter 1: The current chapter of the thesis provides insight on the properties of ionic 
liquid solvents suitable for carbon dioxide absorption followed by the objective of the 
thesis and the organization of the thesis. 
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Chapter 2:  This chapter explores the scope of thermodynamic property predictions and 
the need for solvent screening, the literature survey on ILs/RTILs and the solvents studied 
in the current work. This chapter also throws light on the Cosmothermx software and its 
implementation in the current study. 
Chapter 3: This chapter consists of a general database of ionic liquids created for 
selected room temperature ionic liquid combinations. 
Chapter 4: Fractional free volume and its trends in all the combinations of RTLs + 
alkanolamine solvents are documented here. 
Chapter 5: In this chapter, comparisons of all combinations of RTILs with the 
alkanolamine solvents are presented with respect to their predicted properties (boiling 
point, vapour pressure, density and activity coefficients).  
Chapter 6: This chapter deals with the solubility of the alkanolamine solvents in the ionic 
liquids. 
Chapter 7: This chapter explores the environment-friendly properties of the 
alkanolamine solvents by studying the octanol-water partition coefficients. 
Chapter 8: This is the closing chapter with the conclusion and scope for future studies. 
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CHAPTER 2 
LITERATURE SURVEY ON SOLVENT SCREENING AND 
COMPUTATIONAL STUDY USING COSMOTHERMX 
 The need and scope of solvent screening has to be examined in the light of previous 
experimental and modelling studies. The properties that helped in the current selection of 
solvents are examined. The whole process has been carried out using the COSMOTHERMX 
software. 
2.1 Literature Survey 
 Ionic liquids as an ideal solvent for carbon dioxide capture has been forecasted as a 
major step in developing green chemistry and projected as a big improvement over 
conventional solvents. However, along with its advent, the disadvantages of the use of plain 
ionic liquids also came into light, which led to more research on combination solvents with 
superior properties. A vast number of experimental and simulation work was carried out on 
previously unexplored varieties of ionic liquids and their potential were exploited to the 
maximum extent by combining them with different solvents like imidazoles, alkanols etc. 
Bara et al.(2013) estimated the thermophysical properties of alkyl imdazoles, relevant for 
CO2 absorption using COSMO therm software and found that the properties could be 
accurately predicted for smaller alkyl imidazoles in comparison to larger ones, once 
compared to experimental results.
[1]
 Shannon et al.(2013) used imidazoles featuring oligo 
(ethylene glycol) substituents and estimated the density and viscosity of PEGn imidazoles 
over a temperature range of 20-80
0
C and co-related physical properties and gas separation 
factors using fractional free volume found using COSMOtherm.
[2]
 Physicochemical 
properties like diffusion coefficient,free gas solubility, viscosity and density were measured 
experimentally for Methydiethanlamine (MDEA) by Ghawas et al.(1989).
[3]  
Zhao et al(2012) 
made a review on the properties of different classes of ionic liquids(ILs) like functionalized 
ILs, supported IL membranes, polymerized ILs and mixtures of ILs with some molecular 
solvents discussing their pros and cons and future scope.
[4]
 CO2 absorption properties of 
functionalized room temperature ionic liquids (RTILs) were studied by Sanchez et al.(2007) 
and it was found that the cations functionalized with amines or hydroxyl groups showed 
significant enhancement in CO2 absorption along with desired densities, viscosities and 
surface tensions.
[5]
 A highly fluidic IL for gas separation was reported by Mahurin et al(2012) 
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integrating a cation with an open imidazolium structure which showed excellent CO2 
permeability values in liquid membrane gas separations.
[6]
 The effect of cationic and anionic 
chain lengths for the ILs 1-alkyl-3-methyl imidazolium alkyl sulphate on the properties of 
density viscosity and surface tension were experimentally determined by Torrecilla et al 
(2009), and they observed that the density and the surface tension decreased while the 
viscosities increased with increase in alkyl chain length.
[7]
A characterization of density, 
decomposition temperature, phase transition temperature, heat capacity and viscosity was 
done for 1-ethyl-3-methyl imidazolium bis(trifluoromethanesulfonyl ) imide containing Zn2
+ 
ions by Liu et al.(2011) and they observed that properties other than viscosity were 
improved.
[8]
 A study on structural property relationships for CO2
 
absorption were found for 
reversible ionic liquids and thermodynamic property trends were predicted using COSMO-
RS theory with accuracy by Gonzalez-Miquel et al (2012) and it was concluded that 
COSMO-RS predictions were sufficient for the determination of thermodynamic properties 
of CO2 in these systems and systems involving silylamines.
[9]
 Nonthanasin et al (2013) 
determined CO2 solubility in 5 ILs; Triethylsulfoniumbis(trifluoromethylsulfonyl) 
imide([S222][TF2N]), diethylmethyl(2-methoxyethyl)ammonium bis(trifluoromethyl 
sulfonyl)imide ([deme][TF2N]), 1-propyl-3-methylimidazolium bis(trifluoro methylsulfonyl) 
imide([pmim][TF2N]),1-alkyl-3-methylimidazolium  
bis(trifluoromethylsulfonyl)imide([amim][TF2N]), and 1-butyl-4-methyl pyridinium 
tetrafluoroborate ([4mbp][BF4]) and results showed that the  the solubility of CO2 diminished 
in the following sequence: [deme][TF2N] > [pmim][TF2N] > [amim][TF2N] > [S222][TF2N] 
> [4mbp][BF4]. The solubility of CO2 in these ionic liquids increased as temperature 
decreased.
[10] 
  
For optimum properties, both, mixing of ionic liquids and ionic liquid + molecular 
solvent were done. Pinto et al (2013) studied the combined physical and chemical absorption 
of carbon dioxide in a mixture of the pure ionic liquids 1-ethyl-3-methylimidazolium acetate 
and 1-ethyl-3-methylimidazolium ethylsulfate and it was seen that the combination of ionic 
liquids practically did not affect their  liquid range or their thermal stability, but improved 
balance of absorption capacity and thermo-physical properties were found.
[11] 
 Gas 
solubilities and solubility selectivities of a mixture of room temperature ionic liquids 1-ethyl-
3-methylimidazolium bis(trifluoromethylsulfonyl)- imide ([C2mim][TF2N]) and 1-ethyl-3-
methylimidazolium tetrafluoroborate ([C2mim][BF4]) were studied by Finotello et al (2008), 
and it was observed that the selectivity of CO2 over N2 and CH4 were enhanced by the 
addition of [C2mim][TF2N].
[12]
 Lei et al(2012) measured the CO2 gas solubility in several 
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room temperature ionic liquid mixtures at high pressures, and it was found that the solubility 
of CO2 in pure or mixed ILs increases with increasing pressure at all temperatures but 
decreases with increasing temperature.
[13]
 Supasitmongkol and Styring(2010) studied CO2 
solubility in ionic liquids and a tetraalkylammonium based  poly(ionic liquid) and it was 
noted that the trend of CO2 solubility in all of the ILs increases significantly with decreasing 
absorption temperature further reporting that the  absorbed CO2 gas can be readily desorbed 
from these and the selectivity for CO2 over N2 was consistent over repeated cycles.
[14]
  Li et al 
(2008) studied the absorption of CO2 in a mixture of an ionic liquid and polyethylene 
glycol(PEG) and demonstrated that the addition of PEG 200 enhanced the rates of absorption 
and desorption of CO2 greatly and also that the absorption process was exothermic.
[15] 
The 
solubility of CO2 in aqueous blends of N-methyldiethanolamine (MDEA) and guanidium 
tris(pentafluoroethyl)trifluorophosphate [gua]+[FAP]− ionic liquid was measured  by Aziz et 
al (2012) and was observed that addition of  aqueous MDEA lowered the absorption capacity 
especially at higher concentrations.
[16]
 Shannon and Bara (2011) attempted on a comparison 
of properties including density, viscosity ,CO2 solubility of alkylimidazoles and imidazolium 
based ionic liquids and it was observed that the alkylimidazoles were less dense, less viscous  
and more volatile than their ionic liquid counterparts, but the CO2 solubility remained more or 
less the same.
.[17]
The regeneration of solid carbamates formed during the absorption of CO2 
onto a mixture of an alkanolamine and an RTIL was studied by Hasib-ur-Rahman and 
Karachi (2012). They found that the decomposition of the alkanolamine-carbamate started at 
low temperatures compared to a combination of a sterically hindered amine and an RTIL. A 
regeneration technique was suggested as separation of carbamate as solid 
phase.
[18]
Addressing the concerns of an aqueous alkanolamine based solvent and proposing 
an alkanolamine-RTIL blend, Hasib-ur-Rahman et al(2012) studied the corrosion behaviour 
of the latter , as a suitable replacement for CO2 absorption. A higher gas loading in RTIL-
amine blends gave it a high corrosion control resistance compared to the aqueous amine 
solvents.
[19] 
Iluita et al(2014) studied the CO2 absorption in diethanolamin (DEA)/ ionic liquid 
emulsions via a dispersion of DEA in the IL along with the kinetics of the process and gas 
loading .
[20]
 
2.2 Thermodynamic Property Prediction and Solvent Screening 
 
  2.2.1. Thermodynamic and thermophysical property prediction 
  The search for an optimum solvent for CO2 absorption necessitates the 
determination of a large number of thermodynamic properties and several thermophysical 
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and physicochemical characteristics. All property predictions for the current dissertation have 
been carried out using the computational chemistry software package COSMOtherm, and 
within it, it‟s graphical user interface version, Cosmothermx executing the COSMO-RS 
theory. For pure ionic liquids it has been found highly efficient in determining a large number 
of properties like the density, molar volume, vapour pressure, viscosity, gas solubility etc. 
However major limitations were the property evaluations of mixtures of ionic liquids with 
other solvents, due to a charge neutrality criterion. Despite this limitation, many important 
properties could be successfully predicted using the software. For the present work, initially a 
general database of ionic liquids alone is studied followed by blends of ionic liquids with 
other solvents.  
 
 2.2.2. Solvent screening 
  Due to the extremely large number of possible combinations of ionic liquids, 
its vital to execute a proper solvent screening. From the 10
9
 to 10
18
 possible combinations of 
ionic liquids by changing the cation or the anion part, its bound to have an optimum solvent 
for a specific requirement. This makes it important to screen the properties of selected groups 
of cations or anions and the corresponding ionic liquids thus creating a database of properties 
for any future studies. With the new range of IL+ solvent mixtures, again a wide arena of 
property predictions and screening is necessary. The COSMOtherm software serves as a 
suitable candidate for a fast screening process and enormous databases on the IL properties 
are available.
[21] 
 
2.3 Computational Study using Cosmothermx 
 Molecular modelling encompasses all theoretical methods and computational 
techniques, which are used to model the behavior of molecules. Molecular simulation based 
on quantum mechanics calculation is attractive alternative to conventional engineering 
modeling techniques. The prediction of property starts with quantum theory and solvation 
model. Firstly, the Schrodinger equation is solved by using Density Functional Theory (DFT) 
with an appropriate basis set, and then the COSMO model is applied to predict the sigma 
profile. In COSMO calculations, the solute molecules are assumed to be in a virtual 
conductor environment, where the solute molecule induces a polarization charge density   on 
the interface between the molecule and the conductor, that is, on the molecular surface. These 
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charges act back on the solute and generate a more polarized electron density than in vacuum. 
During the quantum chemical self-consistency cycle, the solute molecule is thus converged to 
its energetically optimal state in a conductor with respect to electron density, and the 
molecular geometry can be optimized using conventional methods for calculations in 
vacuum. Performing COSMO-RS computation for any type of molecule requires generating 
three types of files:  
 .Cosmo file,  
 .Energy file  
 .Vap file.  
             The .cosmo and .energy files are generated by TURBOMOLE software while the 
.vap file is generated by COSMOtherm programme package. Once these files are generated 
the COSMOtherm program can be used to perform  calculations. COSMOtherm requires a 
special parameterization for each and every single method / basis set combination. Each of 
these parameterizations was derived from molecular structures quantum chemically 
optimized at the given method / basis set level. COSMO-RS calculations can be done at the 
different parameterization levels which are as follows: 
 BP/TZVP (DFT/COSMO calculation with the BP functional and TZVT basis set 
using the optimized geometries at the same level of theory) -parameter file: 
BP_TZVP_C30_1201.ctd. 
 BP/SVP/AM1 (DFT/COSMO single-point calculation with the BP functional and 
SVT basis set upon geometries optimized at semi-empirical MOPAC-AM1/COSMO 
level) - parameter file: BP_SVP_AM1_C30_1201.ctd. 
 B88-VWN/DNP (DFT/COSMO calculation with the B88-VWN functional and 
numerical DNP basis using the optimized geometries at the same level of theory) - 
parameter file: DMOL3_PBE_C30_1201.ctd. 
 BP/TZVP/FINE (DFT/COSMO calculation with TZVP basis set followed by a single 
point BP-RI_DFT level calculation) – parameter file: 
BP_TZVP_FINE_HB2012_C30_1201. 
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Table 2.1  Cosmothermx Computational Details 
Software package used Cosmothermx 
Level of theory Density Functional Theory (DFT) 
Functional BP 
Cosmo File Generation Basis Set Triple zeta Valence Polarised(TZVP) 
Density Fitting Basis set DGA1 
Radius of elements Klamt et al[22] 
 
 The COSMOtherm parameterization BP_TZVP_C12_0108 was used for the current 
work. Table 2.1 shows the different computational details chosen for the simulations. Once 
the .cosmo files for the required compounds have been loaded on the GUI platform, the 
different properties can be determined using the options available in the different property 
estimation tabs provided in the software. For all the calculations performed in the current 
work, the ionic liquid has been defined in a 1:1 ratio the cation and the anion. In combination 
solvents, the composition levels have been redefined as 1:1:2  for the cation: anion:solvent. 
This is also known as the electroneutral mixture; the ions are considered distinct and treated 
separately. The mole fraction ratio of the ions is proportional to the stoichiometry of the IL at 
any composition of the mixture. The advantage of this consideration is that without extra 
quantum chemical simulations, the .cosmo files for the cation and the anion can be directly 
imported. 
[21]
  
      The first step in cosmotherm calculations is the selection of compounds from one of the 
databases. For chemical engineering and thermodynamic applications, TZVP database is used 
and the required compounds are chosen. The list of compounds would be displayed on the 
compounds panel of the sceen. If the desired compound is not present in the database, it can 
be imported to cosmotherm via the file manager which can choose previously created .cosmo 
files (in turbomole). Secondly, the input preparation of the selected compounds can be done 
by specifying their composition ratio, depending on the property that has to be determined. 
Different properties like activity coefficient, density etc are determined by selecting the 
corresponding tabs, entering their compositions, temperature and other necessary parameters 
by which a job is created and added to the property section. The simulations would start once 
its run from the property section. Figures 2.1-2.3 are screenshots from the cosmotherm 
software depicting the outline of the software representing different sections, the different 
12 
 
parameterizations and the file manager window for the selection of compounds absent in the 
databases. 
 
 
Figure 2.1 Main window of COSMOtherm representing different sections 
 
 
  
Figure 2.2: Window representing the different parameterizations 
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Figure 2.3: File manager window from where we select the .cosmo files for compounds and 
parameterization as BP-TZVP. 
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CHAPTER 3 
PROPERTY DATABASE GENERATION FOR IONIC 
LIQUIDS IN GENERAL AND SELECTED ROOM 
TEMPERATURE IONIC LIQUID COMBINATIONS 
3.1 General Database 
         In view of the large variety of anions and cations that forms ionic liquids, it‟s desirable 
that a database from widely varying groups of cations and anions is chosen as a preliminary 
step to get an idea about the variation and range of properties in ionic liquids. The selection 
has spanned from the cations including 1,1-dialkyl pyrrolidiniums, 1-alkyl-3-methyl 
imidazoliums, 1-alkyl pyridiniums, choline, ammoniums, uroniums and thiouroniums. The 
anions studied are BF4(tetrafluoro borate), DCA(dicyanamide), PF6(hexafluoro phosphate), 
EtSO4(ethyl sulfate) and TF2N(bis(trifluoromethylsulfonyl)imide). The properties that have 
been studied are density in gm/cc, Cp in J/mol/K, Melting Point in K, Viscosity in mPas and 
ln (Conductivity) in S/cm. All properties are determined at 298K. 
       The different compounds for the current simulations can be imported from the TZVP 
database available. A search for imidazolium based cations in the TZVP database is shown in 
Fig 3.1 From the Ionic Liquid Properties tab of the cosmothermx software, the properties of 
density, heat capacity, melting point, viscosity and conductivity are estimated using the 
desired cations and anions for the study of different combinations. It‟s illustrated by the 
following screenshot (Fig 3.2). 
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Fig 3.1: Screenshot of TZVP database for imidazolium based cations 
 
 
Fig 3.2: Screenshot of IL properties estimation 
 
The following tables serve as a database of properties for all the combinations of ionic liquids 
formed by the selected anions and cations. 
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Table 3.1  General IL database for BF4 anion combining with sixteen categories of 
cations 
Sl 
no
: 
Cation for BF4 anion Density(g/c
m
3
) 
Cp(J/mol/
K) 
Meltin
g 
Point(
K) 
Viscosity(mP
aS) 
ln(Conductiv
ity) 
1 1,1-dimethyl- 
pyrrolidinium 
1.25 307.46 2401.7 4.63 1.85 
2 1,1-dipropyl- 
pyrrolidinium 
1.11 416.32 284.32 5.18 0.77 
3 1-butyl-1-ethyl- 
pyrrolidinium 
1.11 415.41 245.13 5.24 0.69 
4 1-butyl-3-methyl- 
imidazolium 
1.20 368.91 248.56 5.14 0.97 
5 1-ethyl-3-methyl- 
imidazolium 
1.29 313.52 249.90 4.65 1.80 
6 1-hexyl-3-methyl- 
imidazolium 
1.13 424.39 248.74 5.67 0.122 
7 1-methyl-pyridinium 1.37 279.85 280.13 4.42 2.25 
8 1-octyl-3-methyl- 
imidazolium 
1.08 480.07 247.73 6.10 -0.57 
9 1-pentyl-3-methyl- 
imidazolium 
1.16 397.00 249.05 5.43 0.50 
10 choline 1.25 311.48 262.30 5.38 0.87 
11 hexyltrimethylammo
nium 
1.07 407.67 273.22 5.68 0.15 
12 o-ethyl-n,n,n,n- 
tetramethylisouroniu
m 
1.19 380.25 264.62 
 
4.79 1.38 
13 o-methyl-n,n,n,n- 
tetramethylisouroniu
m 
1.22 353.02 266.59 4.65 1.65 
14 pyridinium 1.47 251.23 241.09 4.69 2.07 
15 s-ethyl-n,n,n,n- 
tetramethylisothiour
onium 
1.20 398.47 
 
284.77 4.88 
 
1.21 
16 tetrapropylammoniu
m 
1.01 491.2 255.51 5.47 0.20 
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Table 3.2  General IL database for DCA anion combining with sixteen categories of 
cations  
Sl 
no
: 
Cation for DCA 
anion 
Density(g/c
m
3
) 
Cp(J/mol/
K) 
Meltin
g 
Point(
K) 
Viscosity(mP
aS) 
ln(Conductiv
ity) 
1 1,1-dimethyl- 
pyrrolidinium 
1.034 319.14 183.09
0 
3.30 3.36 
2 1,1-dipropyl- 
pyrrolidinium 
0.96 428.00 222.68 3.68 2.31 
3 1-butyl-1-ethyl- 
pyrrolidinium 
0.96 380.59 196.32 3.69 2.49 
4 1-butyl-3-methyl- 
imidazolium 
1.03 325.21 188.78 3.31 3.31 
5 1-ethyl-3-methyl- 
imidazolium 
1.08 436.07 202.72 4.12 1.65 
6 1-hexyl-3-methyl- 
imidazolium 
0.99 291.53 192.40 3.14 3.74 
7 1-methyl-pyridinium 1.12 491.75 206.96 4.46 0.97 
8 1-octyl-3-methyl- 
imidazolium 
0.96 491.75 206.96 4.46 0.97 
9 1-pentyl-3-methyl- 
imidazolium 
1.01 408.68 200.00 3.93 2.03 
10 choline 1.04 323.16 203.23 3.96 2.38 
11 hexyltrimethylammo
nium 
0.92 419.35 221.62 4.14 1.68 
12 o-ethyl-n,n,n,n- 
tetramethylisouroniu
m 
1.025 391.94 211.40 3.37 2.90 
13 o-methyl-n,n,n,n- 
tetramethylisouroniu
m 
1.04 364.70 209.04 3.27 3.17 
14 pyridinium 1.17 262.92 167.22 3.43 3.55 
15 s-ethyl-n,n,n,n- 
tetramethylisothiour
onium 
1.04 410.16 227.58 3.43 2.74 
16 tetrapropylammoniu
m 
0.898 502.96 216.76 3.89 1.75 
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Table 3.3  General IL database for PF6 anion combining with sixteen categories of 
cations 
Sl 
no
: 
Cation for PF6 anion Density(g/c
m
3
) 
Cp(J/mol/
K) 
Meltin
g 
Point(
K) 
Viscosity(mP
aS) 
ln(Conductiv
ity) 
1 1,1-dimethyl- 
pyrrolidinium 
1.45 344.15 330.77 4.88 1.45 
2 1,1-dipropyl- 
pyrrolidinium 
1.26 453.46 367.93 5.24 0.46 
3 1-butyl-1-ethyl- 
pyrrolidinium 
1.27 452.55 308.55 5.30 0.382 
4 1-butyl-3-methyl- 
imidazolium 
1.37 406.05 319.95 5.26 0.622 
5 1-ethyl-3-methyl- 
imidazolium 
1.49 350.66 339.81 4.89 4.89 
6 1-hexyl-3-methyl- 
imidazolium 
1.29 461.53 308.59 5.67 -0.188 
7 1-methyl-pyridinium 1.59 316.99 418.39 4.74 1.822 
8 1-octyl-3-methyl- 
imidazolium 
1.22 517.21 299.35 6.01 -0.851 
9 1-pentyl-3-methyl- 
imidazolium 
1.32 434.14 314.21 5.49 0.176 
10 choline 1.45 348.61 347.83 5.54 0.478 
11 hexyltrimethylammo
nium 
1.24 444.81 338.01 5.70 -0.165 
12 o-ethyl-n,n,n,n- 
tetramethylisouroniu
m 
1.35 417.39 331.36 4.93 1.04 
13 o-methyl-n,n,n,n- 
tetramethylisouroniu
m 
1.40 390.16 340.18 4.84 1.29 
14 pyridinium 1.69 288.37 366.20 5.03 1.60 
15 s-ethyl-n,n,n,n- 
tetramethylisothiour
onium 
1.36 435.61 355.52 4.99 0.88 
16 tetrapropylammoniu
m 
1.15 528.42 305.64 5.44 -0.06 
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Table 3.4  General IL database for EtSO4 anion combining with sixteen categories of 
cations 
Sl 
no
: 
Cation for EtSO4 
anion 
Density(g/c
m
3
) 
Cp(J/mol/
K) 
Meltin
g 
Point(
K) 
Viscosity(mP
aS) 
ln(Conductiv
ity) 
1 1,1-dimethyl- 
pyrrolidinium 
1.19 370.62 198.26 5.11 0.631 
2 1,1-dipropyl- 
pyrrolidinium 
1.08 479.48 232.71 5.45 -0.169 
3 1-butyl-1-ethyl- 
pyrrolidinium 
1.08 478.57 212.32 5.50 -0.23 
4 1-butyl-3-methyl- 
imidazolium 
1.16 432.07 209.31 5.47 -0.039 
5 1-ethyl-3-methyl- 
imidazolium 
1.23 376.69 202.76 5.12 0.598 
6 1-hexyl-3-methyl- 
imidazolium 
1.11 487.55 214.82 5.88 -0.69 
7 1-methyl-pyridinium 1.28 343.02 206.36 4.98 0.92 
8 1-octyl-3-methyl- 
imidazolium 
1.06 543.23 218.45 6.20 -1.23 
9 1-pentyl-3-methyl- 
imidazolium 
1.13 460.16 212.48 5.70 -0.404 
10 choline 1.19 374.64 213.61 5.78 -0.157 
11 hexyltrimethylammo
nium 
1.05 470.83 230.66 5.91 -0.678 
12 o-ethyl-n,n,n,n- 
tetramethylisouroniu
m 
1.15 443.42 221.97 5.14 0.3 
13 o-methyl-n,n,n,n- 
tetramethylisouroniu
m 
1.18 416.19 219.89 5.02 0.501 
14 pyridinium 1.34 314.40 185.04 5.28 0.74 
15 s-ethyl-n,n,n,n- 
tetramethylisothiour
onium 
1.16 461.64 235.62 5.20 0.175 
16 tetrapropylammoniu
m 
1.00 554.44 226.30 5.26 -0.599 
 
 
 
 
 
22 
 
Table 3.5  General IL database for TF2N anion combining with sixteen categories of 
cations 
Sl 
no
: 
Cation for TF2N 
anion 
Density(g/c
m
3
) 
Cp(J/mol/
K) 
Meltin
g 
Point(
K) 
Viscosity(mP
aS) 
ln(Conductiv
ity) 
1 1,1-dimethyl- 
pyrrolidinium 
1.59 484.33 246.57 3.88 1.68 
2 1,1-dipropyl- 
pyrrolidinium 
1.36 593.19 280.13 4.14 0.88 
3 1-butyl-1-ethyl- 
pyrrolidinium 
1.36 592.28 253.91 4.20 0.80 
4 1-butyl-3-methyl- 
imidazolium 
1.45 545.78 253.84 4.19 0.97 
5 1-ethyl-3-methyl- 
imidazolium 
1.54 490.33 252.27 3.88 1.65 
6 1-hexyl-3-methyl- 
imidazolium 
1.37 601.26 255.60 4.51 0.24 
7 1-methyl-pyridinium 1.61 456.72 264.92 3.77 1.98 
8 1-octyl-3-methyl- 
imidazolium 
1.31 656.94 256.16 4.82 -0.35 
9 1-pentyl-3-methyl- 
imidazolium 
1.41 573.87 255.92 4.40 0.56 
10 choline 1.52 488.35 262.08 4.54 0.71 
11 hexyltrimethylammo
nium 
1.34 584.54 272.49 4.60 0.24 
12 o-ethyl-n,n,n,n- 
tetramethylisouroniu
m 
1.43 557.13 264.08 3.86 1.40 
13 o-methyl-n,n,n,n- 
tetramethylisouroniu
m 
1.47 529.89 264.49 3.79 1.60 
14 pyridinium 1.68 428.10 241.95 4.11 1.67 
15 s-ethyl-n,n,n,n- 
tetramethylisothiour
onium 
1.43 575.35 279.50 3.90 1.28 
16 tetrapropylammoniu
m 
1.25 668.15 263.30 4.2 0.45 
 
A range of properties of different varieties of ionic liquid are obtained here. Among these the 
lowest melting points are obtained in the group of pyridinium cations, which ensures thermal 
stability; also they possess the lowest viscosities. Low densities and low heat capacities are 
found in imidazolium groups. Considering all the factors together, imidazoliums and 
pyridiniums exhibit an overall good rating of properties. 
23 
 
3.2 Property Prediction of Room Temperature Ionic Liquids (RTILs) 
For the solvent screening procedure, a set of RTILs have been chosen which have 
comparatively lower costs and wide availability. The cations studied in the procedure 
included 1-alkyl-3-methyl imidazoliums, 1-alkyl pyridiniums, 1-butyl-3-methyl 
pyrrolidinium and ammonium. The anion group consists of Cl
-
 (chloride), PF6 
(hexafluorophosphate), BF4 (tetrafluoro borate), CF3SO3 (trifluoromethyl sulfonate) and 
TF2N (bis(trifluoromethylsulfonyl)imide). The properties determined in this section were heat 
capacity in J/mol/K, melting point in K, ln (coefficient of viscosity) in mPaS, and ln 
(conductivity) in S/cm. All properties were determined at 298 K as room temperature ionic 
liquids were considered. Table 3.6 reports set of figures showing the structures of the various 
cations and anions chosen for the study: Tables 3.7-3.10 report the various properties 
predicted for the RTILs  
Table 3.6  List of structures of cations and anions giving rise to RTILs 
Name of cation/anion structure 
Cation: 1-alkyl pyridinium 
 
Cation: 1-alkyl-3-methyl imidazolium(amim) 
 
Cation: 1-butyl-1-methyl pyrrolidinium(bmp)  
Cation: ammonium(NH4)  
Anion: Cl (chloride) 
 
Anion: PF6(hexafluorophosphate) 
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  Anion: BF4 (tetrafluoro borate) 
 
Anion: CF3SO3 (trifluoromethyl sulfonate) 
 
Anion: 
TF2N(bis(trifluoromethylsulfonyl)imide) 
 
 
Table 3.7  Heat capacity of resulted RTILs in J/mol/K 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl pyridinium 374.86 456.29 419.15 474.34 596.02 
1-butyl-pyridinium 319.2 400.69 363.55 418.74 540.02 
1-ethyl-pyridinium 263.4 344.89 307.75 362.94 484.2 
1-octyl-pyridinium 430.34 511.76 474.63 529.84 651.50 
1-methyl-pyridinium 235.57 316.99 279.85 335.04 456.72 
1-ethyl-3-methyl-
imidazolium 
269.24 350.6 313.52 368.71 490.39 
1-butyl-3-methyl-
imidazolium 
324.6 406.05 368.9 424.09 545.7 
1-hexyl-3-methyl-
imidazolium 
380.10 461.53 424.39 479.57 601.26 
1-pentyl-3-methyl-
imidazolium 
352.71 316.99 397.00 452.18 434.14 
1-octyl-3-methyl-
imidazolium 
435.78 517.20 480.07 535.25 656.94 
1-butyl-1-methyl-
pyrrolidinium 
344.52 425.94 388.81 443.99 565.68 
NH4 113.22 194.65 157.51 212.70 334.38 
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Table 3.8 Melting point of resulted RTILs in Kelvin 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl pyridinium 396.94 296.63 238.23 229.83 247.76 
1-butyl-pyridinium 454.15 306.97 237.45 226.97 245.83 
1-ethyl-pyridinium 572.30 323.64 236.63 223.24 243.15 
1-octyl-pyridinium 362.95 289.09 238.56 231.84 249.02 
1-methyl-pyridinium 1219.66 418.39 280.13 248.06 264.92 
1-ethyl-3-methyl-
imidazolium 
606.21 339.81 249.91 233.66 252.27 
1-butyl-3-methyl-
imidazolium 
477.15 319.95 248.56 236.08 253.84 
1-hexyl-3-methyl-
imidazolium 
415.92 308.59 248.74  238.68 255.60 
1-pentyl-3-methyl-
imidazolium 
442.6 314.2 249.05 255.07 237.79 
1-octyl-3-methyl-
imidazolium 
378.21 299.35 247.73 239.80 256.16 
1-butyl-1-methyl-
pyrrolidinium 
486.36 319.43 249.27 237.53 255.73 
NH4 -152.20 -292.56 -397.68 2749.58 762.64 
 
Table 3.9 ln (coefficient of viscosity) of resulted RTILs in mPaS 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl pyridinium 5.05 5.84 5.60 4.45 4.50 
1-butyl-pyridinium 4.50 5.37 5.10 3.98 4.07 
1-ethyl-pyridinium 3.92 4.88 4.58 3.50 3.65 
1-octyl-pyridinium 5.51 6.26 6.03 4.85 4.87 
1-methyl-pyridinium 3.37 4.74 4.42 3.37 3.55 
1-ethyl-3-methyl-
imidazolium 
4.00 4.94 4.65 3.56 3.71 
1-butyl-3-methyl-
imidazolium 
4.54 5.40 5.14 4.01 4.10 
1-hexyl-3-methyl-
imidazolium 
5.12 5.91 5.67 4.51 4.56 
1-pentyl-3-methyl-
imidazolium 
4.86 5.68 5.43 4.29 4.36 
1-octyl-3-methyl-
imidazolium 
5.58 6.32 6.10 4.91 4.92 
1-butyl-1-methyl-
pyrrolidinium 
4.63 5.46 5.21 4.07 4.14 
NH4 4.99 6.64 6.11 5.35 5.91 
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Table 3.10  ln (conductivity) of resulted RTILs in S/cm 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
0.606 -0.090 0.224 0.776 0.333 
1-butyl-
pyridinium 
1.48 0.68 1.03 1.53 1.02 
1-ethyl-
pyridinium 
2.46 1.51 1.92 2.35 1.74 
1-octyl-
pyridinium 
-0.150 -0.75 -0.474 0.121 -0.265 
1-methyl-
pyridinium 
2.86 1.82 2.25 2.64 1.98 
1-ethyl-3-
methyl-
imidazolium 
2.34 1.41 1.80 2.24 1.65 
1-butyl-3-
methyl-
imidazolium 
1.41 0.622 0.971 1.47 0.971 
1-hexyl-3-
methyl-
imidazolium 
.498 -0.188 0.122 0.680 0.242 
1-pentyl-3-
methyl-
imidazolium 
0.913 0.176 0.505 1.03 0.569 
1-octyl-3-
methyl-
imidazolium 
-0.251 -0.851 -0.570 0.029 -0.352 
1-butyl-1-
methyl-
pyrrolidinium 
1.24 0.488 0.822 1.34 0.868 
NH4 3.27 1.19 1.97 1.87 0.612 
 
3.2.1 Heat capacity of  RTILs 
It is observed that the heat capacity increases with increase in alkyl chain length and it varies 
at the same rate across all groups from the lowest alkyl chain length to the highest alkyl chain 
length. The heat capacities of the RTILs varied with anions in the order of TF2N > CF3SO3> 
PF6> BF4> chloride. The values range from 235-651J/mol/K in pyridinium and 269-
656J/mol/K in imidazolium based RTILs. 
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3.2.2 Melting point of RTILs  
A low melting point is desirable for an ionic liquid for better thermal stability. There is no 
definite variation of the melting point with the alkyl chain length. The least melting point was 
found for all combinations with CF3SO3 and it varied with anions in the order of CF3SO3< 
BF4< TF2N< PF6 <Chloride. The values of the melting point varied from 223.24-1219K in 
pyridinium and 233.66-606.21K in imidazolium based RTILs. 
 
3.2.3 Viscosity of RTILS 
Low viscosity values are preferred owing to the transportation and handling difficulty of the 
liquids in industries. The viscosities values were found to be increasing with increase in alkyl 
chain length and the viscosities of the RTILs varied with anions in the order of CF3SO3< 
TF2N< Chloride< BF4< PF6. The values of the viscosity in pyridinium, ranged from 3.55 to 
5.51 mPas and from 3.71 to 5.58 in imidazolium based RTILs,  
3.2.4 Conductivity of RTILs 
A good electrochemical stability is desirable for the ionic liquid against oxidation and 
reduction. A high conductivity implies a lower electrochemical stability and a high 
conductivity is not being sought for the present application chosen. Hence, combinations with 
resulting in lower conductivity are preferable. The conductivity values decrease with the 
increase in alkyl chain length. The conductivity values of the RTILs varied with anions in the 
order of PF6< BF4< TF2N< Chloride< CF3SO3.  
From the analysis of these fundamental properties, the ideal values of low heat capacities, 
low melting point, low viscosities and conductivities needed for the chosen application were 
found for the combinations consisting of the anions TF2N, BF4 and PF6. 
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CHAPTER 4 
FRACTIONAL FREE VOLUME STUDIES IN RTILS AND 
THEIR ALKANOLAMINE BLENDS 
Fractional Free Volume is the ratio of the empty space to the occupied space of a substance. 
It has been found that free volume in a material plays a major role in gas solubility and 
selectivity. Better anion delocalization can be achieved in an ionic liquid with a smaller molar 
volume, with a smaller alkyl chain length of the cation. The CO2 gas solubility can be 
attributed to this factor. The FFV is given by the following relation: 
     
  -       
  
                                                                         (4.1) 
Where    is the molar volume. The cosmotherm software calculates a volume enclosed by 
the COSMO surface which is equivalent to 1.3 times the      (van der waals volume). This 
quantity gives the solvent accessible area and is called the cosmo volume (      ). 
     
         
  
                     (4.2) 
The above co-relation was used to determine the fractional free volumes of the RTILs and 
combinations of RTILs with the amine solvents. The FFV results were analyzed for specific 
patterns and conclusions were drawn. The FFV values were obtained from the calculation of 
density in cosmothermx software, along with which the properties of molar volume and 
cosmo volume was also obtained as shown in the following output table obtained from the 
cosmotherm simulation. The density, molar volume etc of the ionic liquid [1-hexyl-
pyridinium][TF2N] were found. 
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Fig 4.1 Density output table from cosmothermx for the IL [1-hexyl- 
pyridinium][TF2N] 
The following tables provide the FFV data used for the solvent screening procedures: 
Table 4.1  FFV of resulted RTILs with Chloride anion 
SL NO IONIC  LIQUID  cation 
forChloride anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.314 0.275 0.123 
2 1-butyl-pyridinium 0.258 0.231 0.105 
3 1-ethyl-pyridinium 0.203 0.187 0.079 
4 1-octyl-pyridinium 0.370 0.319 0.137 
5 1-methyl-pyridinium 0.176 0.165 0.0112 
6 1-ethyl-3-methyl-
imidazolium 
0.212 0.191 0.096 
7 1-butyl-3-methyl-
imidazolium 
0.267 0.235 0.118 
8 1-hexyl-3-methyl-
imidazolium 
0.323 0.279 0.135 
9 1-pentyl-3-methyl-
imidazolium 
0.295 0.258 0.127 
10 1-octyl-3-methyl-
imidazolium 
0.379 0.323 0.146 
11 1-butyl-1-methyl-
pyrrolidinium 
0.296 0.251 0.150 
12 NH4 0.0733 0.068 0.067 
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Table 4.2  FFV of resulted RTILs with PF6 anion 
SL NO IONIC  LIQUID  cation for  
PF6 anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.4 0.343 0.143 
2 1-butyl-pyridinium 0.344 0.299 0.130 
3 1-ethyl-pyridinium 0.286 0.255 0.110 
4 1-octyl-pyridinium 0.457 0.387 0.153 
5 1-methyl-pyridinium 0.257 0.232 0.096 
6 1-ethyl-3-methyl-
imidazolium 
0.295 0.259 0.122 
7 1-butyl-3-methyl-
imidazolium 
0.352 0.303 0.139 
8 1-hexyl-3-methyl-
imidazolium 
0.409 0.347 0.151 
9 1-pentyl-3-methyl-
imidazolium 
0.381 0.325 0.146 
10 1-octyl-3-methyl-
imidazolium 
0.465 0.391 0.159 
11 1-butyl-1-methyl-
pyrrolidinium 
0.373 0.318 0.147 
12 NH4 0.167 0.136 0.185 
 
Table 4.3  FFV of resulted RTILs with BF4 anion 
SL NO IONIC  LIQUID  cation for BF4 
anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.362 0.312 0.137 
2 1-butyl-pyridinium 0.305 0.268 0.121 
3 1-ethyl-pyridinium 0.248 0.224 0.098 
4 1-octyl-pyridinium 0.418 0.356 0.147 
5 1-methyl-pyridinium 0.219 0.202 0.080 
6 1-ethyl-3-methyl-
imidazolium 
0.257 0.228 0.112 
7 1-butyl-3-methyl-
imidazolium 
0.314 0.272 0.132 
8 1-hexyl-3-methyl-
imidazolium 
0.370 0.316 0.146 
9 1-pentyl-3-methyl-
imidazolium 
0.342 0.294 0.139 
10 1-octyl-3-methyl-
imidazolium 
0.426 0.360 0.155 
11 1-butyl-1-methyl-
pyrrolidinium 
0.335 0.288 0.142 
12 NH4 0.126 0.105 0.169 
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Table 4.4  FFV of resulted RTILs with CF3SO3 anion 
SL NO IONIC  LIQUID  cation for  
CF3SO3 anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.409 0.358 0.124 
2 1-butyl-pyridinium 0.352 0.314 0.109 
3 1-ethyl-pyridinium 0.296 0.270 0.088 
4 1-octyl-pyridinium 0.465 0.402 0.135 
5 1-methyl-pyridinium 0.267 0.247 0.0732 
6 1-ethyl-3-methyl-
imidazolium 
0.304 0.274 0.099 
7 1-butyl-3-methyl-
imidazolium 
0.361 0.318 0.1187 
8 1-hexyl-3-methyl-
imidazolium 
0.417 0.362 0.125 
9 1-pentyl-3-methyl-
imidazolium 
0.389 0.340 0.126 
10 1-octyl-3-methyl-
imidazolium 
0.473 0.406 0.0721 
11 1-butyl-1-methyl-
pyrrolidinium 
0.383 0.333 0.128 
12 NH4 0.164 0.151 0.083 
 
Table 4.5  FFV of resulted RTILs with TF2N anion 
SL NO IONIC  LIQUID  cation for  
TF2N anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.529 0.459 0.131 
2 1-butyl-pyridinium 0.473 0.415 0.121 
3 1-ethyl-pyridinium 0.416 0.371 0.108 
4 1-octyl-pyridinium 0.585 0.503 0.140 
5 1-methyl-pyridinium 0.388 0.349 0.099 
6 1-ethyl-3-methyl-
imidazolium 
0.425 0.375 0.116 
7 1-butyl-3-methyl-
imidazolium 
0.481 0.419 0.128 
8 1-hexyl-3-methyl-
imidazolium 
0.537 0.463 0.138 
9 1-pentyl-3-methyl-
imidazolium 
0.510 0.441 0.133 
10 1-octyl-3-methyl-
imidazolium 
0.594 0.507 0.145 
11 1-butyl-1-methyl-
pyrrolidinium 
0.502 0.435 0.134 
12 NH4 0.286 0.251 0.120 
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Table 4.6  FFV of resulted RTIL blends with MEA containing Chloride anion  
SL NO IONIC  LIQUID  cation 
forChloride anion ,MEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.593 0.4473   0.245 
2 1-butyl-pyridinium 0.536 0.403 0.248 
3 1-ethyl-pyridinium   0.481 0.359 0.253 
4 1-octyl-pyridinium 0.649 0.491 0.243 
5 1-methyl-pyridinium 0.455 0.337 0.259 
6 1-ethyl-3-methyl-
imidazolium 
0.489 0.363 0.257 
7 1-butyl-3-methyl-
imidazolium 
0.545 0.407 0.252 
8 1-hexyl-3-methyl-
imidazolium 
0.602 0.452 0.251 
9 1-pentyl-3-methyl-
imidazolium 
0.573 0.429 0.250 
10 1-octyl-3-methyl-
imidazolium 
0.658 0.495 0.247 
11 1-butyl-1-methyl-
pyrrolidinium 
0.562 0.423 0.247 
12 NH4 0.403 0.240 0.403 
 
Table 4.7  FFV of resulted RTIL blends with MEA containing PF6 anion  
SL NO IONIC  LIQUID  cation for PF6 
anion ,MEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.633 0.514 0.187 
2 1-butyl-pyridinium 0.576 0.470 0.184 
3 1-ethyl-pyridinium 0.520 0.426 0.180 
4 1-octyl-pyridinium 0.689  0.558 0.190 
5 1-methyl-pyridinium 0.493 0.404 0.180 
6 1-ethyl-3-methyl-
imidazolium 
0.528 0.430 0.185 
7 1-butyl-3-methyl-
imidazolium 
0.584 0.474 0.188 
8 1-hexyl-3-methyl-
imidazolium 
0.641 0.518 0.192 
9 1-pentyl-3-methyl-
imidazolium 
0.613 0.496 0.190 
10 1-octyl-3-methyl-
imidazolium 
0.698 0.562 0.194 
11 1-butyl-1-methyl-
pyrrolidinium 
0.602 0.490 0.186 
12 NH4 0.432 0.307 0.287 
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Table 4.8  FFV of resulted RTIL blends with MEA containing BF4 anion  
SL NO IONIC  LIQUID  cation for BF4 
anion ,MEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.605 0.483 0.2007 
2 1-butyl-pyridinium 0.548 0.439 0.198 
3 1-ethyl-pyridinium  0.492 0.395 0.196 
4 1-octyl-pyridinium 0. 661                                                                                                                                                               0.527 0.202
5 1-methyl-pyridinium 0.465 0.373 0.198 
6 1-ethyl-3-methyl-
imidazolium 
0.500 0.399 0.201 
7 1-butyl-3-methyl-
imidazolium 
0.556 0.443 0.202 
8 1-hexyl-3-methyl-
imidazolium 
0.613 0.487 0.205 
9 1-pentyl-3-methyl-
imidazolium 
0.585 0.465 0.204 
10 1-octyl-3-methyl-
imidazolium 
0.67 0.531 0.206 
11 1-butyl-1-methyl-
pyrrolidinium 
0.574 0.459 0.199 
12 NH4 0.407 0.277 0.332 
 
Table 4.9  FFV of resulted RTIL blends with MEA containing CF3SO3 anion 
SL NO IONIC  LIQUID  cation for 
CF3SO3 anion ,MEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.655 0.529 0.192 
2 1-butyl-pyridinium 0.598 0.485 0.189 
3 1-ethyl-pyridinium 00.542 0.441 0.187 
4 1-octyl-pyridinium 0.712 0.573 0.199 
5 1-methyl-pyridinium 0.516 0.419 0.188 
6 1-ethyl-3-methyl-
imidazolium 
0.551 0.445 0.191 
7 1-butyl-3-methyl-
imidazolium 
0.607 0.489 0.193 
8 1-hexyl-3-methyl-
imidazolium 
0.663 0.533 0.196 
9 1-pentyl-3-methyl-
imidazolium 
0.635 0.511 0.195 
10 1-octyl-3-methyl-
imidazolium 
0.720 0.577 0.198 
11 1-butyl-1-methyl-
pyrrolidinium 
0.624 0.505 0.191 
12 NH4 0.456 0.322 0.292 
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Table 4.10  FFV of resulted RTIL blends with MEA containing TF2N anion  
SL NO IONIC  LIQUID  cation for  
TF2N anion ,MEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.765 0.630 0.176 
2 1-butyl-pyridinium 0.708 0.586 0.172 
3 1-ethyl-pyridinium 0.652 0.542 0.169 
4 1-octyl-pyridinium 0.822 0.674 0.179 
5 1-methyl-pyridinium 0.626 0.520 0.169 
6 1-ethyl-3-methyl-
imidazolium 
0.660 0.546 0.172 
7 1-butyl-3-methyl-
imidazolium 
0.717 0.590 0.176 
8 1-hexyl-3-methyl-
imidazolium 
0.773 0.634 0.180 
9 1-pentyl-3-methyl-
imidazolium 
0.745 0.612 0.178 
10 1-octyl-3-methyl-
imidazolium 
0.830 0.678 0.182 
11 1-butyl-1-methyl-
pyrrolidinium 
0.734 0.666 0.0928 
12 NH4 0.564 0.423 0.249 
 
Table 4.11 FFV of resulted RTIL blends with DEA containing chloride anion  
SL NO IONIC  LIQUID  cation for 
Chloride anion ,DEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.736 0.554 0.247 
2 1-butyl-pyridinium 0.680 0.509 0.251 
3 1-ethyl-pyridinium 0.624 0.465 0.254 
4 1-octyl-pyridinium 0.793 0.597 0.247 
5 1-methyl-pyridinium 0.598 0.443 0.259 
6 1-ethyl-3-methyl-
imidazolium 
0.633 0.470 0.257 
7 1-butyl-3-methyl-
imidazolium 
0.688 0.514 0.252 
8 1-hexyl-3-methyl-
imidazolium 
0.745 0.558 0.251 
9 1-pentyl-3-methyl-
imidazolium 
0.717 0.536 0.252 
10 1-octyl-3-methyl-
imidazolium 
0.802 0.602 0.249 
11 1-butyl-1-methyl-
pyrrolidinium 
0.705 0.529 0.249 
12 NH4 0.548 0.346 0.368 
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Table 4.12  FFV of resulted RTIL blends with DEA containing PF6 anion  
SL NO IONIC  LIQUID  cation for  
PF6 anion ,DEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.775 0.621 0.198 
2 1-butyl-pyridinium 0.719 0.577 0.197 
3 1-ethyl-pyridinium 0.662 0.533 0.194 
4 1-octyl-pyridinium 0.832 0.665 0.200 
5 1-methyl-pyridinium 0.636 0.511 0.196 
6 1-ethyl-3-methyl-
imidazolium 
0.670 0.537 0.198 
7 1-butyl-3-methyl-
imidazolium 
0.727 0.581 0.2 
8 1-hexyl-3-methyl-
imidazolium 
0.784 0.625 0.202 
9 1-pentyl-3-methyl-
imidazolium 
0.756 0.603 0.202 
10 1-octyl-3-methyl-
imidazolium 
0.841 0.669 0.204 
11 1-butyl-1-methyl-
pyrrolidinium 
0.744 0.597 0.197 
12 NH4 0.571 0.414 0.274 
 
Table 4.13  FFV of resulted RTIL blends with DEA containing BF4 anion  
SL NO IONIC  LIQUID  cation for BF4 
anion ,DEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.748 0.590 0.211 
2 1-butyl-pyridinium 0.691 0.546 0.209 
3 1-ethyl-pyridinium 0.635 0.502 0.209 
4 1-octyl-pyridinium 0.805 0.634 0.212 
5 1-methyl-pyridinium 0.608 0.480 0.21 
6 1-ethyl-3-methyl-
imidazolium 
0.644 0.506 0.214 
7 1-butyl-3-methyl-
imidazolium 
0.7 0.550 0.214 
8 1-hexyl-3-methyl-
imidazolium 
0.757 0.594 0.215 
9 1-pentyl-3-methyl-
imidazolium 
0.728 0.573 0.212 
10 1-octyl-3-methyl-
imidazolium 
0.814 0.638 0.216 
11 1-butyl-1-methyl-
pyrrolidinium 
0.717 0.566 0.21 
12 NH4 0.549 0.383 0.302 
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Table 4.14  FFV of resulted RTIL blends with DEA containing CF3SO3 anion  
SL NO IONIC  LIQUID  cation for 
CF3SO3 anion ,DEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.799 0.636 0.204 
2 1-butyl-pyridinium 0.742 0.592 0.202 
3 1-ethyl-pyridinium 0.686 0.548 0.201 
4 1-octyl-pyridinium 0.855 0.680 0.204 
5 1-methyl-pyridinium 0.659 0.526 0.201 
6 1-ethyl-3-methyl-
imidazolium 
0.694 0.552 0.204 
7 1-butyl-3-methyl-
imidazolium 
0.75 0.596 0.205 
8 1-hexyl-3-methyl-
imidazolium 
0.807 0.640 0.206 
9 1-pentyl-3-methyl-
imidazolium 
0.779 0.618 0.206 
10 1-octyl-3-methyl-
imidazolium 
0.864 0.684 0.208 
11 1-butyl-1-methyl-
pyrrolidinium 
0.767 0.612 0.202 
12 NH4 0.599 0.429 0.283 
 
Table 4.15  FFV of resulted RTIL blends with DEA containing TF2N anion  
SL NO IONIC  LIQUID  cation for 
TF2N anion ,DEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.908 0.738 0.187 
2 1-butyl-pyridinium 0.851 0.694 0.184 
3 1-ethyl-pyridinium 0.795 0.649 0.183 
4 1-octyl-pyridinium 0.965 0.782 0.189 
5 1-methyl-pyridinium 0.769 0.627 0.184 
6 1-ethyl-3-methyl-
imidazolium 
0.804 0.654 0.186 
7 1-butyl-3-methyl-
imidazolium 
0.860 0.698 0.188 
8 1-hexyl-3-methyl-
imidazolium 
0.917 0.742 0.190 
9 1-pentyl-3-methyl-
imidazolium 
0.888 0.720 0.189 
10 1-octyl-3-methyl-
imidazolium 
0.973 0.786 0.192 
11 1-butyl-1-methyl-
pyrrolidinium 
0.877 0.713 0.187 
12 NH4 0.706 0.530 0.249 
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Table 4.16: FFV of resulted RTIL blends with MDEA containing chloride anion  
SL NO IONIC  LIQUID  cation for  
Chloride anion MDEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.780 0.599 0.232 
2 1-butyl-pyridinium 0.723 0.555 0.232 
3 1-ethyl-pyridinium 0.667 0.510 0.235 
4 1-octyl-pyridinium 0.836 0.643 0.230 
5 1-methyl-pyridinium 0.641 0.488 0.238 
6 1-ethyl-3-methyl-
imidazolium 
0.676 0.515 0.238 
7 1-butyl-3-methyl-
imidazolium 
0.732 0.559 0.236 
8 1-hexyl-3-methyl-
imidazolium  
0.788 0.603 0.234 
9 1-pentyl-3-methyl-
imidazolium 
0.760 0.581 0.235 
10 1-octyl-3-methyl-
imidazolium 
0.845 0.647 0.234 
11 1-butyl-1-methyl-
pyrrolidinium 
0.749 0.574 0.233 
12 NH4 0.587 0.391 0.333 
 
Table 4.17  FFV of resulted RTIL blends with MDEA containing PF6 anion  
SL NO IONIC  LIQUID  cation for PF6  
anion MDEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.823 0.666 0.190 
2 1-butyl-pyridinium 0.766 0.622 0.187 
3 1-ethyl-pyridinium 0.710 0.578 0.185 
4 1-octyl-pyridinium 0.879 0.710 0.192 
5 1-methyl-pyridinium 0.683 0.556 0.185 
6 1-ethyl-3-methyl-
imidazolium 
0.718 0.582 0.189 
7 1-butyl-3-methyl-
imidazolium 
0.774 0.626 0.191 
8 1-hexyl-3-methyl-
imidazolium 
0.831 0.670 0.193 
9 1-pentyl-3-methyl-
imidazolium 
0.803 0.648 0.193 
10 1-octyl-3-methyl-
imidazolium 
0.888 0.714 0.195 
11 1-butyl-1-methyl-
pyrrolidinium 
0.792 0.642 0.189 
12 NH4 0.615 0.459 0.253 
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Table 4.18 FFV of resulted RTIL blends with MDEA containing BF4 anion  
SL NO IONIC  LIQUID  cation for BF4  
anion MDEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.795 0.635 0.201 
2 1-butyl-pyridinium 0.738 0.591 0.199 
3 1-ethyl-pyridinium 0.682 0.547 0.197 
4 1-octyl-pyridinium 0.851 0.679 0.202 
5 1-methyl-pyridinium 0.655 0.525 0.198 
6 1-ethyl-3-methyl-
imidazolium 
0.690 0.551 0.201 
7 1-butyl-3-methyl-
imidazolium 
0.746 0.595 0.202 
8 1-hexyl-3-methyl-
imidazolium 
0.803 0.639 0.204 
9 1-pentyl-3-methyl-
imidazolium 
0.775 0.618 0.202 
10 1-octyl-3-methyl-
imidazolium 
0.860 0.683 0.205 
11 1-butyl-1-methyl-
pyrrolidinium 
0.764 0.611 0.2 
12 NH4 0.592 0.428 0.277 
 
Table 4.19  FFV of resulted RTIL blends with MDEA containing CF3SO3 anion  
SL NO IONIC  LIQUID  cation for 
CF3S03  anion MDEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.845 0.681 0.194 
2 1-butyl-pyridinium 0.788 0.637 0.191 
3 1-ethyl-pyridinium 0.732 0.593 0.189 
4 1-octyl-pyridinium 0.901 0.725 0.195 
5 1-methyl-pyridinium 0.705 0.571 0.19 
6 1-ethyl-3-methyl-
imidazolium 
0.740 0.597 0.193 
7 1-butyl-3-methyl-
imidazolium 
0.796 0.641 0.194 
8 1-hexyl-3-methyl-  0.853 0.685 0.196 
9 1-pentyl-3-methyl-
imidazolium 
0.825 0.663 0.196 
10 1-octyl-3-methyl-
imidazolium 
0.910 0.729 0.199 
11 1-butyl-1-methyl-
pyrrolidinium 
0.814 0.657 0.192 
12 NH4 0.642 0.474 0.261 
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Table 4.20  FFV of resulted RTIL blends with MDEA containing TF2N anion  
SL NO IONIC  LIQUID  cation for 
TF2N anion MDEA 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.955 0.783 0.180 
2 1-butyl-pyridinium 0.898 0.739 0.177 
3 1-ethyl-pyridinium 0.842 0.694 0.175 
4 1-octyl-pyridinium 1.012 0.827 0.182 
5 1-methyl-pyridinium 0.815 0.672 0.175 
6 1-ethyl-3-methyl-
imidazolium 
0.850 0.699 0.177 
7 1-butyl-3-methyl-
imidazolium 
0.906 0.743 0.179 
8 1-hexyl-3-methyl-
imidazolium 
0.963 0.787 0.182 
9 1-pentyl-3-methyl-
imidazolium 
0.935 0.765 0.181 
10 1-octyl-3-methyl-
imidazolium 
1.020 0.831 0.185 
11 1-butyl-1-methyl-
pyrrolidinium 
0.924 0.758 0.179 
12 NH4 0.749 0.575 0.232 
 
Table 4.21  FFV of resulted RTIL blends with AMP containing chloride anion  
SL NO IONIC  LIQUID  cation for 
Chloride anion AMP 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.683 0.534 0.218 
2 1-butyl-pyridinium 0.626 0.490 0.217 
3 1-ethyl-pyridinium 0.57 0.446 0.217 
4 1-octyl-pyridinium 0.739 0.578 0.217 
5 1-methyl-pyridinium 0.544 0.423 0.222 
6 1-ethyl-3-methyl-
imidazolium 
0.579 0.450 0.222 
7 1-butyl-3-methyl-
imidazolium 
0.635 0.494 0.222 
8 1-hexyl-3-methyl-
imidazolium 
0.691 0.538 0.221 
9 1-pentyl-3-methyl-
imidazolium 
0.663 0.516 0.221 
10 1-octyl-3-methyl-
imidazolium 
0.748 0.582 0.221 
11 1-butyl-1-methyl-
pyrrolidinium 
0.653 0.509 0.22 
12 NH4 0.478 0.327 0.315 
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Table 4.22  FFV of resulted RTIL blends with AMP containing PF6 anion  
SL NO IONIC  LIQUID  cation for PF6 
anion AMP 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.737 0.601 0.184 
2 1-butyl-pyridinium 0.680 0.557 0.180 
3 1-ethyl-pyridinium 0.624 0.513 0.177 
4 1-octyl-pyridinium 0.793 0.645 0.186 
5 1-methyl-pyridinium 0.596 0.491 0.176 
6 1-ethyl-3-methyl-
imidazolium 
0.632 0.517 0.181 
7 1-butyl-3-methyl-
imidazolium 
 
0.688 0.561 0.184 
8 1-hexyl-3-methyl-
imidazolium 
0.745 0.605 0.187 
9 1-pentyl-3-methyl-
imidazolium 
0.717 0.584 0.185 
10 1-octyl-3-methyl-
imidazolium 
0.802 0.649 0.190 
11 1-butyl-1-methyl-
pyrrolidinium 
0.707 0.577 0.183 
12 NH4 0.521 0.394 0.243 
 
Table 4.23 FFV of resulted RTIL blends with AMP containing BF4 anion  
SL NO IONIC  LIQUID  cation for BF4 
anion AMP 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.7061 0.571 0.191 
2 1-butyl-pyridinium 0.649 0.526 0.189 
3 1-ethyl-pyridinium 0.593 0.482 0.187 
4 1-octyl-pyridinium 0.762 0.614 0.194 
5 1-methyl-pyridinium 0.565 0.460 0.185 
6 1-ethyl-3-methyl-
imidazolium 
0.601 0.487 0.189 
7 1-butyl-3-methyl-
imidazolium 
0.657 0.531 0.191 
8 1-hexyl-3-methyl-
imidazolium 
0.714 0.575 0.194 
9 1-pentyl-3-methyl-
imidazolium 
0.686 0.553 0.193 
10 1-octyl-3-methyl-
imidazolium 
0.771 0.619 0.197 
 
11 1-butyl-1-methyl-
pyrrolidinium 
0.676 0.546 0.192 
12 NH4 0.493 0.363 0.263 
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Table 4.24  FFV of resulted RTIL blends with AMP containing CF3SO3 anion  
SL NO IONIC  LIQUID  cation for 
CF3SO3  anion AMP 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.755 0.618 0.181 
2 1-butyl-pyridinium 0.699 0.572 0.181 
3 1-ethyl-pyridinium 0.642 0.528 0.177 
4 1-octyl-pyridinium 0.812 0.660 0.187 
5 1-methyl-pyridinium 0.615 0.506 0.177 
6 1-ethyl-3-methyl-
imidazolium 
0.651 0.532 0.182 
7 1-butyl-3-methyl-
imidazolium 
0.707 0.578 0.182 
8 1-hexyl-3-methyl-
imidazolium 
0.764 0.620 0.188 
9 1-pentyl-3-methyl-
imidazolium 
0.736 0.599 0.186 
10 1-octyl-3-methyl-
imidazolium 
0.820 0.664 0.19 
11 1-butyl-1-methyl-
pyrrolidinium 
0.726 0.592 0.184 
12 NH4 0.541 0.409 0.243 
 
Table 4.25  FFV of resulted RTIL blends with AMP containing TF2N anion  
SL NO IONIC  LIQUID  cation for 
TF2N anion AMP 
MOLAR 
VOLUME(nm3) 
cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.868 0.718 0.172 
 
2 1-butyl-pyridinium 
 
0.812 0.674 0.169 
3 1-ethyl-pyridinium 0.755 0.629 0.166 
4 1-octyl-pyridinium 0.925 0.762 0.176 
5 1-methyl-pyridinium 0.728 0.607 0.166 
6 1-ethyl-3-methyl-
imidazolium 
0.764 0.634 0.170 
7 1-butyl-3-methyl-
imidazolium 
0.820 0.678 0.173 
8 1-hexyl-3-methyl-
imidazolium 
0.876 0.722 0.175 
9 1-pentyl-3-methyl-
imidazolium 
0.848 0.700 0.174 
10 1-octyl-3-methyl-
imidazolium 
0.933 0.766 0.178 
11 1-butyl-1-methyl-
pyrrolidinium 
0.839 0.694 0.172 
12 NH4 0.652 0.510 0.217 
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Table 4.26  FFV of resulted RTIL blends with PE containing Chloride anion  
 
Table 4.27  FFV of resulted RTIL blends with PE containing PF6 anion  
SL NO IONIC  LIQUID  cation for PF6 
anion, PE 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.824 0.6921 0.160 
2 1-butyl-pyridinium 0.768 0.648 0.156 
3 1-ethyl-pyridinium 0.7117 0.6038 0.151 
4 1-octyl-pyridinium 0.881 0.736 0.164 
5 1-methyl-pyridinium 0.684 0.581 0.150 
6 1-ethyl-3-methyl-
imidazolium 
0.7199 0.6081 0.154 
7 1-butyl-3-methyl-
imidazolium 
0.776 0.6521 0.159 
8 1-hexyl-3-methyl-
imidazolium 
0.8327 0.6961 0.164 
9 1-pentyl-3-methyl-
imidazolium 
0.804 0.6743 0.161 
10 1-octyl-3-methyl-
imidazolium 
0.889 0.7401 0.167 
11 1-butyl-1-methyl-
pyrrolidinium 
0.7957 0.66783 0.161 
12 NH4 0.603 0.4848 0.197 
 
SL NO IONIC  LIQUID  cation for  
Chloride   anion,PE 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.767 0.624 0.186 
2 1-butyl-pyridinium 0.711 0.580 0.183 
3 1-ethyl-pyridinium 0.655 0.536 0.181 
4 1-octyl-pyridinium 0.824 0.668 0.189 
5 1-methyl-pyridinium 0.628 0.514 0.181 
6 1-ethyl-3-methyl-
imidazolium 
0.664 0.540 0.185 
7 1-butyl-3-methyl-
imidazolium 
0.720 0.584 0.188 
8 1-hexyl-3-methyl-
imidazolium 
0.776 0.628 0.190 
9 1-pentyl-3-methyl-
imidazolium 
0.748 0.606 0.189 
10 1-octyl-3-methyl-
imidazolium 
0.833 0.672 0.193 
11 1-butyl-1-methyl-
pyrrolidinium 
0.739 0.600 0.187 
12 NH4 0.559 0.417 0..254 
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Table 4.28 FFV of resulted RTIL blends with PE containing BF4 anion  
SL NO IONIC  LIQUID  cation for BF4 
anion, PE 
MOLAR 
VOLUME(nm3) 
cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.7932 0.6613 0.166 
2 1-butyl-pyridinium 0.736 0.6172 0.161 
3 1-ethyl-pyridinium 0.6804 0.573 0.157 
4 1-octyl-pyridinium 0.8497 0.7052 0.169 
5 1-methyl-pyridinium 0.653 0.5509 0.157 
6 1-ethyl-3-methyl-
imidazolium 
0.6888 0.577 0.161 
7 1-butyl-3-methyl-
imidazolium 
0.7449 0.621 0.165 
8 1-hexyl-3-methyl-
imidazolium 
0.8016 0.6653 0.169 
9 1-pentyl-3-methyl-
imidazolium 
0.7735 0.6435 0.168 
10 1-octyl-3-methyl-
imidazolium 
0.858 0.7093 0.173 
11 1-butyl-1-methyl-
pyrrolidinium 
0.764 0.637 0.166 
12 NH4 0.5752 0.4540 0.0521 
 
Table 4.29  FFV of resulted RTIL blends with PE containing CF3SO3 anion  
SL NO IONIC  LIQUID  cation for  
CF3SO3 anion PE 
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.8422 0.7071 0.160 
2 1-butyl-pyridinium 0.7857 0.6630 0.155 
3 1-ethyl-pyridinium 0.7295 0.6188 0.152 
4 1-octyl-pyridinium 0.8987 0.7510 0.163 
5 1-methyl-pyridinium 0.7024 0.5968 0.150 
6 1-ethyl-3-methyl-
imidazolium 
0.7379 0.6231 0.154 
7 1-butyl-3-methyl-
imidazolium 
0.794 0.6671 0.159 
8 1-hexyl-3-methyl-
imidazolium 
0.8507 0.7111 0.163 
9 1-pentyl-3-methyl-
imidazolium 
0.822 0.689 0.161 
10 1-octyl-3-methyl-
imidazolium 
0.9072 0.7551 0.167 
11 1-butyl-1-methyl-
pyrrolidinium 
0.8134 0.6828 0.161 
12 NH4 0.623 0.4998 0.199 
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Table 4.30  FFV of resulted RTIL blends with PE containing TF2N anion  
SL NO IONIC  LIQUID PE cation for 
TF2N  anion  
volume cosmovolume FFV(nm3) 
1 1-hexyl-pyridinium 0.9555 0.8086 0.153 
2 1-butyl-pyridinium 0.899 0.764 0.150 
3 1-ethyl-pyridinium 0.842 0.7203 0.144 
4 1-octyl-pyridinium 1.011 0.8525 0.156 
5 1-methyl-pyridinium 0.815 0.698 0.143 
6 1-ethyl-3-methyl-
imidazolium 
0.851 0.724 0.149 
7 1-butyl-3-methyl-
imidazolium 
0.9071 0.7686 0.153 
8 1-hexyl-3-methyl-
imidazolium 
0.963 0.8126 0.156 
9 1-pentyl-3-methyl-
imidazolium 
0.935 0.790 0.155 
10 1-octyl-3-methyl-
imidazolium 
1.020 0.8566 0.160 
11 1-butyl-1-methyl-
pyrrolidinium 
0.9267 0.784 0.153 
12 NH4 0.733 0.6009 0.18 
 
For co-relating CO2 solubility with the FFV values, CO2 solubility for the plain RTILs were 
found and are presented in the Table 4.31. The CO2 solubility for the RTIL + solvent 
combinations are not determined due to the presence of chemical reactions with CO2 during 
the absorption process. 
Table 4.31  CO2 Solubility in plain ionic liquids (in mole fraction of CO2) 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
0.181 0.181 0.168 0.179 0.204 
1-butyl-
pyridinium 
0.1933 0.164 0.155 0.168 0.194 
1-ethyl-
pyridinium 
0.239 0.137 0.140 0.152 0.179 
1-octyl-
pyridinium 
0.180 0.194 0.179 0.190 0.211 
1-methyl-
pyridinium 
0.290 0.113 0.122 0.134 0.165 
1-ethyl-3-
methyl-
imidazolium 
0.242 
 
0.146 0.150 0.160 0.184 
1-butyl-3-
methyl-
0.201 0.169 0.162 0.173 0.198 
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imidazolium 
1-hexyl-3-
methyl-
imidazolium 
0.190 0.185 0.174 0.184 0.207 
1-pentyl-3-
methyl-
imidazolium 
 
0.193 0.178 0.168 0.179 0.203 
1-octyl-3-
methyl-
imidazolium 
0.188 0.197 0.184 0.193 0.214 
1-butyl-1-
methyl-
pyrrolidinium 
0.236 0.173 0.175 0.186 0.205 
NH4 0.154 0.428 0.486 0.092 0.119 
 
The following inferences can be made from the simulated FFV values documented in the 
Tables 4.1-4.31: 
 In combinations with chloride anion, FFV increases with increase in alkyl 
chain length of the cation and also, the gas solubility in the plain ILs decrease 
with increase in alkyl chain length 
 In all the combinations of cations and anions except with chloride anion, the 
FFV decreases with increase in carbon chain length of the cation and the 
solubility of CO2 increases with increase in alkyl chain length of the cation, 
which is suggestive of the fact that low FFV values are desirable for plain 
ionic liquids and FFV values varied with anions in the order of. chloride> 
BF4> CF3SO3> PF6> TF2N . 
 Among the blends of RTILs with alkanolamines, FFV values varied with 
alkanolamines in the order of  DEA> MEA, and MDEA> AMP>PE 
 The range of  FFV values in the aforesaid blends are  as follows: 
 MEA   : 0.169-0.206 
 DEA    : 0.184-0.216 
 MDEA: 0.175-0.205 
 AMP   :0.166-0.197 
 PE       :0.143-0.17 
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CHAPTER-5 
PROPERTY PREDICTIONS AND COMPARISONS AMONG 
RTIL BLENDS WITH ALKANOLAMINE SOLVENTS 
The properties of the chosen RTILS with a set of solvents are studied here. The solvents 
considered for the study includes three alkanolamines and two sterically hindered amines. 
The alkanolamines used consists of a primary amine-monoethanolamine (MEA) , a secondary 
amine- diethanolamine (DEA) and tertiary N-methyl diethanolamine (MDEA) and sterically 
hindered amines 2-amino-2-methyl-1 propanol (AMP) and 2-piperidineethanol(PE). The 
technique of capturing CO2 as carbamate salts has been found highly efficient in the fact that 
the end product formed; the RTIL-carbamate salt mixtures can be easily treated by heating or 
reducing pressure to release the captured carbon dioxide. This reduces the energy 
requirement greatly compared to the aqueous-amine technologies and usage of plain RTILs. 
RTILs exhibit higher CO2 gas solubility and selectivity compared to other gases like CH4, 
which makes them highly suitable for the process, especially imidazolium based RTILs. 
Sterically hindered amines were found to exhibit great absorption and desorption capacity 
which is a major requirement in energy reduction and solvent recovery processes. They have 
very low heats of reaction. Moreover, experimental studies showed that AMP blends had a 
lower corrosion rate than MEA based absorption system. These facts make them ideal 
solvents for CO2  absorption while incorporating the excellent solvent properties of RTILs. 
              All the simulations were carried out in a 1:1 composition ratio of the RTIL and the 
alkanolamine solvent. The following tables provides some of the necessary properties 
required for efficient solvent screening intended for CO2 absorption, including 
density(gm/cc), vapour pressure(KPa), boiling point(K), molar volume (cc) and activity 
coefficients of the amine-solvents in the RTILs. 
The following representative screenshots of the cosmotherm software demonstrates the 
property estimation for the blended solvents. The tables following the screenshots provide the 
property database obtained for the RTILs and its blends. 
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Fig 5.1  Vapor pressure estimation in cosmotherm 
 
Fig 5.2   Activity coefficient estimation in cosmotherm 
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Table 5.1  Properties of resulted RTILs with chloride anion 
SL NO IONIC  LIQUID  
cation for Chloride  
anion 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density 
1 1-hexyl-pyridinium 3091.8954 101.229 0.3137 1.53 
2 1-butyl-pyridinium 31314.945 101.298 0.2589 1.100 
3 1-ethyl-pyridinium 3140.295 101.416 0.2035 1.171 
4 1-octyl-pyridinium 3205.782 101.236 0.3707 1.020 
5 1-methyl-pyridinium 3176.745 101.384 0.1765 1.218 
6 1-ethyl-3-methyl-
imidazolium 
3103.266 101.3707 0.2124 1.145 
7 1-butyl-3-methyl-
imidazolium 
3125.564 101.3519 0.2675 1.084 
8 1-hexyl-3-methyl-
imidazolium 
3150.586 101.3484 0.3234 1.040 
9 1-pentyl-3-methyl-
imidazolium 
3130.591 101.293 0.295 1.059 
10 1-octyl-3-methyl-
imidazolium 
3189.418 101.415 0.379 1.009 
11 1-butyl-1-methyl-
pyrrolidinium 
3137.291 101.394 0.290 1.017 
12 NH4 3548.413 101.288 0.0733 1.210 
 
Table 5.2  Properties of resulted RTILs with PF6 anion 
SL NO IONIC  
LIQUID  
cation for  
PF6 anion 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density 
1 1-hexyl-
pyridinium 
3098.025 101.411 0.400 1.280 
2 1-butyl-
pyridinium 
3142.278 101.337 0.344 1.356 
3 1-ethyl-
pyridinium 
3150.215 101.3739 0.286 1.465 
4 1-octyl-
pyridinium 
3215.6919 101.4048 0.457 1.224 
5 1-methyl-
pyridinium 
3184.2335 101.3166 0.257 1.540 
6 1-ethyl-3-
methyl-
imidazolium 
3116.9417 101.3631 0.295 1.438 
7 1-butyl-3-
methyl-
imidazolium 
 
3133.898 101.3627 0.352 1.338 
8 1-hexyl-3- 3157.57054 101.3644 0.409 1.266 
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methyl-
imidazolium 
9 1-pentyl-3-
methyl-
imidazolium 
3137.778 101.3013 0.381 1.293 
10 1-octyl-3-
methyl-
imidazolium 
3198.328 101.3847 0.465 1.213 
11 1-butyl-1-
methyl-
pyrrolidinium 
3147.649 101.2969 0.373 1.275 
12 NH4 3411.768 101.2425 0.167 
 
1.62 
 
Table 5.3  Properties of resulted RTILs with BF4 anion 
SL NO IONIC  LIQUID  
cation for  BF4 
anion 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density 
1 1-hexyl-
pyridinium 
3162.246 101.3198 0.362 1.151 
2 1-butyl-
pyridinium 
3215.425 101.3183 0.305 1.212 
3 1-ethyl-
pyridinium 
3223.016 101.4194 0.248 1.392 
4 1-octyl-
pyridinium 
3304.659 101.3434 0.418 1.107 
5 1-methyl-
pyridinium 
3262.522 101.316 0.219 1.367 
6 1-ethyl-3-methyl-
imidazolium 
3183.2214 101.403 0.257 1.276 
7 1-butyl-3-methyl-
imidazolium 
 
3205.0415 101.3191 0.314 1.195 
8 1-hexyl-3-methyl-
imidazolium 
3233.926 101.2377 0.370 1.138 
9 1-pentyl-3-
methyl-
imidazolium 
3210.282 101.2389 0.342 1.163 
10 1-octyl-3-methyl-
imidazolium 
3283.411 101.3211 0.426 1.097 
11 1-butyl-1-methyl-
pyrrolidinium 
3222.025 101.423 0.335 1.132 
12 NH4 3588.666 101.3612 0.126 1.373 
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Table 5.4  Properties of resulted RTILs with CF3SO3 anion 
SL NO IONIC  
LIQUID  
cation for 
CF3SO3   
anion 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density 
1 1-hexyl-
pyridinium 
3112.9563 101.231 0.409 1.053 
2 1-butyl-
pyridinium 
3162.0514 101.3314 0.352 1.100 
3 1-ethyl-
pyridinium 
3172.2110 101.3503 0.296 1.100 
4 1-octyl-
pyridinium 
3236.580 101.3936 0.465 1.020 
5 1-methyl-
pyridinium 
3209.39362 101.2358 0.267 1.218 
6 1-ethyl-3-
methyl-
imidazolium 
3136.18014 101.238 0.304 1.145 
7 1-butyl-3-
methyl-
imidazolium 
3152.858 101.374 0.361 1.084 
8 1-hexyl-3-
methyl-
imidazolium 
3176.0784 101.3098 0.417 1.040 
9 1-pentyl-3-
methyl-
imidazolium 
3156.027 101.265 0.389 1.059 
10 1-octyl-3-
methyl-
imidazolium 
3217.319 101.2349 0.473 1.009 
11 1-butyl-1-
methyl-
pyrrolidinium 
3165.7247 101.3358 0.383 1.017 
12 NH4 3499.721 101.3644 0.164 1.210 
 
Table 5.5  Properties of resulted RTILs with TF2N anion 
SL NO IONIC  
LIQUID  
cation for  
TF2N anion 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density 
1 1-hexyl-
pyridinium 
2978.590 101.379 0.529 1.393 
2 1-butyl-
pyridinium 
3015.735 101.37 0.473 1.460 
3 1-ethyl- 3028.287 101.315 0.416 1.548 
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pyridinium 
4 1-octyl-
pyridinium 
3061.365 101.423 0.585 1.339 
5 1-methyl-
pyridinium 
3057.559 101.2607 0.388 1.601 
6 1-ethyl-3-
methyl-
imidazolium 
3002.564 101.3200 0.425 1.528 
7 1-butyl-3-
methyl-
imidazolium 
3008.632 101.2945 0.481 1.446 
8 1-hexyl-3-
methyl-
imidazolium 
3021.561 101.3188 0.537 1.381 
9 1-pentyl-3-
methyl-
imidazolium 
3009.1466 101.3156 0.510 1.411 
10 1-octyl-3-
methyl-
imidazolium 
3047.6811 101.2420 0.594 1.328 
11 1-butyl-1-
methyl-
pyrrolidinium 
3016.463 101.3238 0.502 1.394 
12 NH4 3221.861 101.2313 0.286 1.729 
 
Table 5.6  Properties of resulted RTIL + MEA blends consisting of chloride anion  
SL NO IONIC  LIQUID  
cation for  
Chloride anion-
MEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
444.986 0.106 0.593 0.901 -0.270 
2 1-butyl-
pyridinium 
444.10 0.1034 0.536 0.909 -0.306 
3 1-ethyl-
pyridinium 
442.92 0.098 0.481 0.917 -0.355 
4 1-octyl-
pyridinium 
445.79 0.107 0.649 0.894 -0.264 
5 1-methyl-
pyridinium 
440.69 0.099 0.455 0.917 -0.304 
6 1-ethyl-3-methyl-
imidazolium 
443.81 0.096 0.489 0.911 -0.379 
7 1-butyl-3-methyl-
imidazolium 
444.41 0.102 0.545 0.904 -0.317 
8 1-hexyl-3-methyl-
imidazolium 
445.17 0.105 0.601 0.896 -0.289 
9 1-pentyl-3- 444.77 0.104 0.573 0.899 -0.297 
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methyl-
imidazolium 
10 1-octyl-3-methyl-
imidazolium 
445.89 0.107 0.658 0.889 -0.269 
11 1-butyl-1-methyl-
pyrrolidinium 
447.96 0.084 0.562 0.885 -0.507 
12 NH4 471.62 0.070 0.403 0.723 1.629 
  
Table 5.7  Properties of resulted RTIL + MEA blends consisting of PF6 anion  
SL NO IONIC  
LIQUID  
cation for  
PF6 anion-
MEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
446.32 0.138 0.633 1.131 -0.019 
2 1-butyl-
pyridinium 
445.06 0.143 0.576 1.161 0.0233 
3 1-ethyl-
pyridinium 
442.86 0.155 0.520 1.198 0.099 
4 1-octyl-
pyridinium 
446.94 0.136 0.689 1.105 -0.0299 
5 1-methyl-
pyridinium 
441.45 0.162 0.493 1.215 0.143 
6 1-ethyl-3-
methyl-
imidazolium 
442.38 0.155 0.528 1.189 0.103 
7 1-butyl-3-
methyl-
imidazolium 
444.62 0.144 0.584 1.154 0.028 
8 1-hexyl-3-
methyl-
imidazolium 
445.80 0.139 0.641 1.124 -0.0645 
9 1-pentyl-3-
methyl-
imidazolium 
445.43 0.141 0.613 1.138 0.0036 
10 1-octyl-3-
methyl-
imidazolium 
446.36 0.137 0.698 1.099 -0.018 
11 1-butyl-1-
methyl-
pyrrolidinium 
440.85 0.190 0.602 1.129 0.304 
12 NH4 479.61 0.003 0.432 1.095 -3.83 
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Table 5.8  Properties of resulted RTIL + MEA blends consisting of BF4 anion  
SL NO IONIC  
LIQUID  
cation for  
BF4 anion-
MEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
444.18 0.149 0.605 1.024 -0.061 
2 1-butyl-
pyridinium 
442.22 0.157 0.548 1.045 0.111 
3 1-ethyl-
pyridinium 
438.89 0.171 0.492 1.069 0.200 
4 1-octyl-
pyridinium 
445.51 0.145 0.661 1.006 0.033 
5 1-methyl-
pyridinium 
435.97 0.188 0.465 1.080 0.291 
6 1-ethyl-3-
methyl-
imidazolium 
439.23 0.169 0.500 1.061 0.162 
7 1-butyl-3-
methyl-
imidazolium 
442.14 0.157 0.556 1.038 0.111 
8 1-hexyl-3-
methyl-
imidazolium 
443.9 0.150 0.613 1.018 0.067 
9 1-pentyl-3-
methyl-
imidazolium 
443.22 0.152 0.585 1.027 0.083 
10 1-octyl-3-
methyl-
imidazolium 
445.06 0.146 0.670 1.001 0.042 
11 1-butyl-1-
methyl-
pyrrolidinium 
440.07 0.181 0.524 1.015 0.254 
12 NH4 445.9 0.029 0.407 0.924 -1.55 
 
Table 5.9  Properties of resulted RTIL + MEA blends consisting of CF3SO3 anion  
SL NO IONIC  
LIQUID  
cation for 
CF3SO3 
anion-MEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
Molar 
Volume 
Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
445.48 0.1435 0.655 1.103 0.021 
2 1-butyl-
pyridinium 
444.35 0.146 0.598 1.129 0.042 
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3 1-ethyl-
pyridinium 
442.37 0.153 0.542 1.166 0.086 
4 1-octyl-
pyridinium 
446.11 0.142 0.712 1.080 0.015 
5 1-methyl-
pyridinium 
440.7 0.159 0.516 1.175 0.128 
6 1-ethyl-3-
methyl-
imidazolium 
442.29 0.154 0.581 1.152 0.092 
7 1-butyl-3-
methyl-
imidazolium 
444.04 0.148 0.607 1.122 0.053 
8 1-hexyl-3-
methyl-
imidazolium 
445.06 0.145 0.663 1.096 0.036 
9 1-pentyl-3-
methyl-
imidazolium 
444.7 0.146 0.635 1.108 0.046 
10 1-octyl-3-
methyl-
imidazolium 
445.69 0.145 0.721 1.075 0.032 
11 1-butyl-1-
methyl-
pyrrolidinium 
442.29 0.165 0.624 1.099 0.165 
12 NH4 448.28 0.044 0.456 1.052 -1.16 
 
Table 5.10  Properties of resulted RTIL + MEA blends consisting of TF2N anion  
SL NO IONIC  
LIQUID  
cation for  
TF2N anion-
MEA 
Boiling 
Point(k) 
Vapor 
pressure(Kpa) 
Molar 
Volume 
Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
446.42 0.145 0.765 1.228 0.0317 
2 1-butyl-
pyridinium 
446.21 0.144 0.708 1.261 0.0259 
3 1-ethyl-
pyridinium 
445.91 0.144 0.652 1.298 0.0245 
4 1-octyl-
pyridinium 
446.28 0.147 0.822 1.201 0.647 
5 1-methyl-
pyridinium 
446.17 0.140 0.626 1.316 0.0012 
6 1-ethyl-3-
methyl-
imidazolium 
445.3 0.146 0.666 1.290 0.0411 
7 1-butyl-3-
methyl-
445.71 0.145 0.717 1.254 0.035 
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imidazolium 
8 1-hexyl-3-
methyl-
imidazolium 
445.7 0.147 0.773 1.227 0.045 
9 1-pentyl-3-
methyl-
imidazolium 
448.8 0.145 0.745 1.237 0.035 
10 1-octyl-3-
methyl-
imidazolium 
445.67 0.149 0.830 1.194 0.058 
11 1-butyl-1-
methyl-
pyrrolidinium 
442.22 0.181 0.734 1.231 0.265 
12 NH4 479.43 0.007 0.564 1.237 -2.88 
 
Table 5.11  Properties of resulted RTIL + DEA blends consisting of chloride anion  
SL NO IONIC  LIQUID  
cation for  
Chloride anion-
DEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
512.86 0.011 0.736 0.923 0.080 
2 1-butyl-
pyridinium 
510.89 0.0113 0.680 0.932 0.096 
3 1-ethyl-
pyridinium 
507.82 0.0115 0.624 0.940 0.113 
4 1-octyl-
pyridinium 
514.74 0.0109 0.793 0.916 0.061 
5 1-methyl-
pyridinium 
503.96 0.0122 0.598 0.942 0.173 
6 1-ethyl-3-methyl-
imidazolium 
509.39 0.0109 0.633 0.936 0.063 
7 1-butyl-3-methyl-
imidazolium 
511.89 0.0109 0.688 0.928 0.062 
8 1-hexyl-3-methyl-
imidazolium 
513.87 0.0107 0.745 0.919 0.050 
9 1-pentyl-3-
methyl-
imidazolium 
512.86 0.0109 0.717 0.923 0.060 
10 1-octyl-3-methyl-
imidazolium 
515.36 0.0106 0.802 0.912 0.038 
11 1-butyl-1-methyl-
pyrrolidinium 
516.47 0.008 0.705 0.913 -0.191 
12 NH4 442.75 0.083 0.548 0.798 2.097 
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Table 5.12  Properties of resulted RTIL + DEA blends consisting of PF6 anion  
SL NO IONIC  
LIQUID  
cation for PF6  
anion-DEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
522.69 0.0084 0.775 1.11 -0.199 
2 1-butyl-
pyridinium 
521.03 0.009 0.719 1.134 -0.127 
3 1-ethyl-
pyridinium 
518.56 0.01 0.662 1.161 -0.026 
4 1-octyl-
pyridinium 
523.70 0.008 0.832 1.091 -0.247 
5 1-methyl-
pyridinium 
516.97 0.01 0.636 1.173 0.012 
6 1-ethyl-3-
methyl-
imidazolium 
518.78 0.009 0.670 1.154 -0.039 
7 1-butyl-3-
methyl-
imidazolium 
521.15 0.008 0.727 1.129 -0.142 
8 1-hexyl-3-
methyl-
imidazolium 
522.68 0.0083 0.784 1.106 -0.207 
9 1-pentyl-3-
methyl-
imidazolium 
522.07 0.0085 0.756 1.116 -0.183 
10 1-octyl-3-
methyl-
imidazolium 
523.61 0.0079 0.841 1.086 -0.254 
11 1-butyl-1-
methyl-
pyrrolidinium 
519.20 0.0116 0.744 1.109 0.124 
12 NH4 539.62 0.0002 0.571 1.084 -3.65 
 
Table 5.13  Properties of resulted RTIL + DEA blends consisting of BF4 anion  
SL NO IONIC  
LIQUID  
cation for 
BF4   anion-
DEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
519.10 0.01 0.748 1.023 -0.007 
2 1-butyl-
pyridinium 
516.57 0.011 0.691 1.04 0.074 
3 1-ethyl- 512.92 0.0214 0.635 1.058 0.192 
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pyridinium 
4 1-octyl-
pyridinium 
520.79 0.009 0.805 1.009 -0.068 
5 1-methyl-
pyridinium 
509.88 0.0135 0.608 1.066 0.279 
6 1-ethyl-3-
methyl-
imidazolium 
513.74 0.012 0.644 1.052 0.158 
7 1-butyl-3-
methyl-
imidazolium 
517.08 0.01 0.7 1.034 0.0503 
8 1-hexyl-3-
methyl-
imidazolium 
519.35 0.01 0.757 1.018 -0.024 
9 1-pentyl-3-
methyl-
imidazolium 
518.32 0.0103 0.728 1.025 0.007 
10 1-octyl-3-
methyl-
imidazolium 
520.97 0.009 0.814 1.004 -0.081 
11 1-butyl-1-
methyl-
pyrrolidinium 
516.74 0.012 0.717 1.016 0.1707 
12 NH4 508.48 0.0024 0.549 0.952 -1.422 
 
Table 5.14  Properties of resulted RTIL + DEA blends consisting of CF3SO3 anion  
SL NO IONIC  
LIQUID  
cation for 
CF3SO3 
anion-DEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
519.76 0.009 0.799 1.088 -0.036 
2 1-butyl-
pyridinium 
518.144 0.0104 0.742 1.108 0.018 
3 1-ethyl-
pyridinium 
515.52 0.011 0.686 1.131 0.096 
4 1-octyl-
pyridinium 
520.86 0.0095 0.855 1.07 -0.074 
5 1-methyl-
pyridinium 
513.56 0.011 0.659 1.14 0.142 
6 1-ethyl-3-
methyl-
imidazolium 
516.10 0.011 0.694 1.125 0.081 
7 1-butyl-3-
methyl-
imidazolium 
518.32 0.01 0.75 1.103 0.006 
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8 1-hexyl-3-
methyl-
imidazolium 
519.92 0.009 0.807 1.082 -0.043 
9 1-pentyl-3-
methyl-
imidazolium 
519.26 0.01 0.779 1.092 -0.022 
10 1-octyl-3-
methyl-
imidazolium 
520.97 0.009 0.864 1.065 -0.078 
11 1-butyl-1-
methyl-
pyrrolidinium 
518.277 0.011 0.767 1.084 0.091 
12 NH4 512.93 0.004 0.599 1.044 -0.927 
 
Table 5.15  Properties of resulted RTIL + DEA blends consisting of TF2N anion  
SL NO IONIC  LIQUID  
cation for  TF2N 
anion-DEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
522.21 0.008 0.908 1.196 -0.173 
2 1-butyl-pyridinium 521.64 0.008 0.851 1.22 -0.145 
3 1-ethyl-pyridinium 520.74 0.009 0.795 1.248 -0.112 
4 1-octyl-pyridinium 522.52 0.008 0.965 1.174 -0.188 
5 1-methyl-
pyridinium 
520.57 0.009 0.769 1.261 -0.131 
6 1-ethyl-3-methyl-
imidazolium 
520.73 0.009 0.804 1.242 -0.113 
7 1-butyl-3-methyl-
imidazolium 
521.60 0.008 0.860 1.215 -0.155 
8 1-hexyl-3-methyl-
imidazolium 
522.05 0.008 0.917 1.190 -0.177 
9 1-pentyl-3-methyl-
imidazolium 
521.88 0.008 0.888 1.202 -0.172 
10 1-octyl-3-methyl-
imidazolium 
522.30 0.008 0.973 1.169 -0.193 
11 1-butyl-1-methyl-
pyrrolidinium 
519.92 0.01 0.877 1.197 0.065 
12 NH4 545.80 0.0005 0.706 1.195 -3.01 
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Table 5.16  Properties of resulted RTIL + MDEA blends consisting of chloride anion 
SL NO IONIC  
LIQUID  
cation for  
Chloride 
anion-MDEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
494.52 0.023 0.780 0.932 0.1803 
2 1-butyl-
pyridinium 
491.97 0.024 0.723 0.941 0.223 
3 1-ethyl-
pyridinium 
488.21 0.025 0.667 0.949 0.274 
4 1-octyl-
pyridinium 
496.88 0.022 0.836 0.924 0.138 
5 1-methyl-
pyridinium 
483.87 0.027 0.641 0.952 0.355 
6 1-ethyl-3-
methyl-
imidazolium 
490.05 0.024 0.676 0.944 0.215 
7 1-butyl-3-
methyl-
imidazolium 
493.14 0.023 0.732 0.936 0.180 
8 1-hexyl-3-
methyl-
imidazolium 
495.66 .022 0.788 0.928 0.142 
9 1-pentyl-3-
methyl-
imidazolium 
494.49 0.0231 0.760 0.932 0.165 
10 1-octyl-3-
methyl-
imidazolium 
497.70 0.021 0.845 0.920 0.106 
11 1-butyl-1-
methyl-
pyrrolidinium 
489.19 0.018 0.749 0.921 -0.066 
12 NH4 424.74 0.186 0.587 0.824 2.249 
 
 
Table 5.17  Properties of resulted RTIL + MDEA blends consisting of PF6 anion 
SL NO IONIC  
LIQUID  
cation for  
PF6 anion-
MDEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
507.23 0.015 0.823 1.104 -0.223 
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2 1-butyl-
pyridinium 
505.01 0.017 0.766 1.125 -0.134 
3 1-ethyl-
pyridinium 
501.93 0.019 0.710 1.149 -0.015 
4 1-octyl-
pyridinium 
508.80 0.014 0.879 1.086 -0.291 
5 1-methyl-
pyridinium 
499.99 0.020 0.683 1.160 0.032 
6 1-ethyl-3-
methyl-
imidazolium 
502.37 0.0189 0.718 1.143 -0.033 
7 1-butyl-3-
methyl-
imidazolium 
 
505.34 0.016 0.774 1.120 -0.153 
8 1-hexyl-3-
methyl-
imidazolium 
507.36 0.015 0.831 1.099 -0.237 
9 1-pentyl-3-
methyl-
imidazolium 
506.49 0.015 0.803 1.109 -0.203 
10 1-octyl-3-
methyl-
imidazolium 
508.80 0.014 0.888 1.081 -0.303 
11 1-butyl-1-
methyl-
pyrrolidinium 
503.62 0.021 0.792 1.101 0.102 
12 NH4 519.78 0.0006 0.615 1.082 -3.35 
 
Table 5.18  Properties of resulted RTIL + MDEA blends consisting of BF4 anion  
SL NO IONIC  
LIQUID  
cation for 
BF4 anion-
MDEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
502.51 0.0208 0.795 1.022 0.059 
2 1-butyl-
pyridinium 
499.58 0.023 0.738 1.037 0.159 
3 1-ethyl-
pyridinium 
495.30 0.0264 0.682 1.054 0.298 
4 1-octyl-
pyridinium 
504.84 0.019 0.851 1.008 -0.021 
5 1-methyl-
pyridinium 
491.90 0.029 0.655 1.062 0.396 
6 1-ethyl-3-
methyl-
496.31 0.025 0.690 1.049 0.259 
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imidazolium 
7 1-butyl-3-
methyl-
imidazolium 
 
500.26 0.022 0.746 1.035 0.132 
8 1-hexyl-3-
methyl-
imidazolium 
503.07 0.020 0.803 1.017 0.036 
9 1-pentyl-3-
methyl-
imidazolium 
501.72 0.021 0.775 1.024 0.0788 
10 1-octyl-3-
methyl-
imidazolium 
505.16 0.0188 0.860 1.004 -0.039 
11 1-butyl-1-
methyl-
pyrrolidinium 
500.26 0.024 0.764 1.015 0.237 
12 NH4 488.524 0.0066 0.592 0.961 -1.07 
 
Table 5.19 Properties of resulted RTIL + MDEA blends consisting of CF3SO3 anion  
SL NO IONIC  
LIQUID  
cation for 
CF3SO3  
anion-MDEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
503.61 0.0198 0.845 1.083 0.013 
2 1-butyl-
pyridinium 
501.37 0.0214 0.788 1.102 0.088 
3 1-ethyl-
pyridinium 
498.29 0.0236 0.732 1.123 0.187 
4 1-octyl-
pyridinium 
505.34 0.018 0.901 1.067 -0.044 
5 1-methyl-
pyridinium 
495.77 0.025 0.705 1.133 0.244 
6 1-ethyl-3-
methyl-
imidazolium 
498.91 0.023 0.740 1.117 0.167 
7 1-butyl-3-
methyl-
imidazolium 
 
501.82 0.0211 0.796 1.097 0.073 
8 1-hexyl-3-
methyl-
imidazolium 
503.92 0.019 0.853 1.078 0.002 
9 1-pentyl-3-
methyl-
503.03 0.02 0.825 1.087 0.033 
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imidazolium 
10 1-octyl-3-
methyl-
imidazolium 
505.51 0.018 0.910 1.062 -0.053 
11 1-butyl-1-
methyl-
pyrrolidinium 
502.14 0.022 0.814 1.079 0.143 
12 NH4 492.37 0.010 0.642 1.048 -0.600 
 
Table 5.20  Properties of resulted RTIL + MDEA blends consisting of TF2N anion  
SL NO IONIC  
LIQUID  
cation for  
TF2N anion-
MDEA 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density TF2N 
1 1-hexyl-
pyridinium 
507.82 0.015 0.955 1.186 -0.223 
2 1-butyl-
pyridinium 
506.60 0.016 0.898 1.209 -0.175 
3 1-ethyl-
pyridinium 
505.16 0.017 0.842 1.234 -0.118 
4 1-octyl-
pyridinium 
508.64 0.015 1.012 1.166 -0.260 
5 1-methyl-
pyridinium 
504.47 0.017 0.815 1.246 -0.122 
6 1-ethyl-3-
methyl-
imidazolium 
505.20 0.017 0.850 1.228 -0.124 
7 1-butyl-3-
methyl-
imidazolium 
506.74 0.016 0.906 1.204 -0.188 
8 1-hexyl-3-
methyl-
imidazolium 
507.85 0.015 0.963 1.181 -0.233 
9 1-pentyl-3-
methyl-
imidazolium 
507.33 0.015 0.935 1.192 0.217 
10 1-octyl-3-
methyl-
imidazolium 
508.57 0.014 1.020 1.161 -0.270 
11 1-butyl-1-
methyl-
pyrrolidinium 
505.46 0.02 0.924 1.186 0.02 
12 NH4 526.59 0.001 0.749 1.189 -2.76 
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Table 5.21  Properties of resulted RTIL + AMP blends consisting of chloride anion  
SL NO IONIC  
LIQUID  
cation for  
Chloride 
anion-AMP 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
441.92 0.3301 0.683 0.918 0.166 
2 1-butyl-
pyridinium 
439.38 0.344 0.626 0.927 0.208 
3 1-ethyl-
pyridinium 
435.701 0.364 0.57 0.936 0.265 
4 1-octyl-
pyridinium 
444.27 0.316 0.739 0.911 0.125 
5 1-methyl-
pyridinium 
431.187 0.403 0.544 0.939 0.366 
6 1-ethyl-3-
methyl-
imidazolium 
437.42 0.345 0.579 0.931 0.211 
7 1-butyl-3-
methyl-
imidazolium 
 
440.44 0.332 0.635 0.922 0.173 
8 1-hexyl-3-
methyl-
imidazolium 
442.913 0.320 0.691 0.914 0.136 
9 1-pentyl-3-
methyl-
imidazolium 
441.67 0.327 0.663 0.918 0.159 
10 1-octyl-3-
methyl-
imidazolium 
445.00 0.309 0.748 0.907 0.101 
11 1-butyl-1-
methyl-
pyrrolidinium 
445.65 0.268 0.653 0.904 -0.04 
12 NH4 372.748 2.96 0.478 0.804 2.36 
 
Table 5.22  Properties of resulted RTIL + AMP blends consisting of PF6 anion  
SL NO IONIC  
LIQUID  
cation for  
PF6 anion-
AMP 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coefficient 
1 1-hexyl-
pyridinium 
453.22 0.239 0.737 1.098 -0.155 
2 1-butyl- 450.71 0.263 0.680 1.121 -0.059 
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pyridinium 
3 1-ethyl-
pyridinium 
446.92 0.3016 0.624 1.147 0.076 
4 1-octyl-
pyridinium 
455.16 0.222 0.793 1.078 -0.225 
5 1-methyl-
pyridinium 
444.18 0.327 0.596 1.161 0.157 
6 1-ethyl-3-
methyl-
imidazolium 
447.21 0.295 0.632 1.140 0.055 
7 1-butyl-3-
methyl-
imidazolium 
450.81 0.258 0.688 1.115 -0.077 
8 1-hexyl-3-
methyl-
imidazolium 
453.285 0.235 0.745 1.092 -0.169 
9 1-pentyl-3-
methyl-
imidazolium 
452.18 0.244 0.717 1.103 -0.132 
10 1-octyl-3-
methyl-
imidazolium 
455.07 0.220 0.802 1.073 -0.237 
11 1-butyl-1-
methyl-
pyrrolidinium 
448.55 0.335 0.707 1.092 0.183 
12 NH4 465.67 0.0127 0.521 1.087 -3.08 
 
Table 5.23  Properties of resulted RTIL + AMP blends consisting of BF4 anion  
SL NO IONIC  
LIQUID  
cation for  
BF4 anion-
AMP 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density BF4 
1 1-hexyl-
pyridinium 
448.28 0.291 0.7061 1.0096 0.044 
2 1-butyl-
pyridinium 
444.95 0.325 0.649 1.026 0.153 
3 1-ethyl-
pyridinium 
439.96 0.382 0.593 1.044 0.313 
4 1-octyl-
pyridinium 
450.89 0.268 0.762 0.995 -0.039 
5 1-methyl-
pyridinium 
435.75 0.438 0.565 1.054 0.45 
6 1-ethyl-3-
methyl-
imidazolium 
440.94 0.367 0.601 1.038 0.274 
7 1-butyl-3- 445.44 0.317 0.657 1.020 0.129 
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methyl-
imidazolium 
 
8 1-hexyl-3-
methyl-
imidazolium 
448.68 0.286 0.714 1.004 0.025 
9 1-pentyl-3-
methyl-
imidazolium 
447.24 0.299 0.686 1.011 0.071 
10 1-octyl-3-
methyl-
imidazolium 
451.128 0.264 0.771 0.991 -0.054 
11 1-butyl-1-
methyl-
pyrrolidinium 
445.19 0.355 0.676 0.999 0.242 
12 NH4 433.36 0.119 0.493 0.952 -0.85 
 
Table 5.24  Properties of resulted RTIL + AMP blends consisting of CF3SO3 anion  
SL NO IONIC  LIQUID  
cation for CF3SO3 
anion-AMP 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
450.56 0.274 0.755 1.080 -0.018 
2 1-butyl-pyridinium 448.06 0.296 0.699 1.101 0.059 
3 1-ethyl-pyridinium 444.41 0.331 0.642 1.125 0.171 
4 1-octyl-pyridinium 452.51 0.258 0.812 1.062 -0.078 
5 1-methyl-
pyridinium 
441.31 0.361 0.615 1.1366 0.258 
6 1-ethyl-3-methyl-
imidazolium 
444.968 0.325 0.651 1.118 0.152 
7 1-butyl-3-methyl-
imidazolium 
 
448.31 0.293 0.707 1.095 0.049 
8 1-hexyl-3-methyl-
imidazolium 
450.76 0.272 0.764 1.074 -0.025 
9 1-pentyl-3-methyl-
imidazolium 
449.66 0.281 0.736 1.084 0.007 
10 1-octyl-3-methyl-
imidazolium 
452.59 0.257 0.820 1.057 -0.082 
11 1-butyl-1-methyl-
pyrrolidinium 
448.41 0.317 0.726 1.074 0.129 
12 NH4 436.37 0.175 0.541 1.058 -0.462 
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Table 5.25  Properties of resulted RTIL + AMP blends consisting of TF2N anion  
SL NO IONIC  
LIQUID  
cation for  
TF2N anion-
AMP  
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density TF2N 
1 1-hexyl-
pyridinium 
455.49 0.229 0.868 1.19 -0.198 
2 1-butyl-
pyridinium 
454.09 0.241 0.812 1.215 -0.1455 
3 1-ethyl-
pyridinium 
452.09 0.257 0.755 1.24 -0.08 
4 1-octyl-
pyridinium 
456.60 0.220 0.925 1.16 -0.236 
5 1-methyl-
pyridinium 
450.87 0.263 0.728 1.258 -0.057 
6 1-ethyl-3-
methyl-
imidazolium 
452.15 0.255 0.764 1.237 -0.088 
7 1-butyl-3-
methyl-
imidazolium 
454.09 0.238 0.820 1.209 -0.158 
8 1-hexyl-3-
methyl-
imidazolium 
455.42 0.227 0.876 1.184 -0.207 
9 1-pentyl-3-
methyl-
imidazolium 
454.84 0.231 0.848 1.196 -0.188 
10 1-octyl-3-
methyl-
imidazolium 
456.48 0.218 0.933 1.162 -0.245 
11 1-butyl-1-
methyl-
pyrrolidinium 
452.30 0.295 0.839 1.188 0.056 
12 NH4 470.25 0.023 0.652 1.212 -2.46 
 
Table 5.26  Properties of resulted RTIL + PE blends consisting of chloride anion  
SL NO IONIC  LIQUID  
cation for  
Chloride anion-
PPE 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
535.00 0.0122 0.767 0.990 0.524 
2 1-butyl-
pyridinium 
531.43 0.0132 0.711 1.003 0.599 
3 1-ethyl- 525.749 0.0145 0.65549 1.0184 0.696 
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pyridinium 
4 1-octyl-
pyridinium 
538.872 0.0114 0.824 0.9791 0.456 
5 1-methyl-
pyridinium 
519.928 0.0161 0.6288 1.024 0.798 
6 1-ethyl-3-
methyl-
imidazolium 
528.02 0.013 0.664 1.0125 0.637 
7 1-butyl-3-
methyl-
imidazolium 
 
532.966 0.012 0.7200 0.998 0.555 
8 1-hexyl-3-
methyl-
imidazolium 
536.85 0.0118 0.776 0.985 0.485 
9 1-pentyl-3-
methyl-
imidazolium 
534.95 0.0122 0.7486 0.991 0.522 
10 1-octyl-3-
methyl-
imidazolium 
540.122 0.011 0.833 0.974 0.423 
11 1-butyl-1-
methyl-
pyrrolidinium 
538.36 0.010 0.739 0.9799 0.377 
12 NH4 460.37 0.0613 0.559 0.925 2.13 
 
Table 5.27  Properties of resulted RTIL + PE blends consisting of PF6 anion  
SL NO IONIC  
LIQUID  
cation for PF6  
anion-PPE 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
554.19 0.0064 0.824 1.143 -0.116 
2 1-butyl-
pyridinium 
551.33 0.0071 0.768 1.166 -0.009 
3 1-ethyl-
pyridinium 
547.488 0.0082 0.7117 1.193 0.134 
4 1-octyl-
pyridinium 
556.497 0.0059 0.881 1.122 -0.204 
5 1-methyl-
pyridinium 
544.684 0.0088 0.684 1.206 0.200 
6 1-ethyl-3-
methyl-
imidazolium 
548.186 0.0079 0.7199 1.186 0.094 
7 1-butyl-3-
methyl-
imidazolium 
551.906 0.0069 0.776 1.1609 -0.049 
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8 1-hexyl-3-
methyl-
imidazolium 
554.643 0.00624 0.8327 1.137 -0.151 
9 1-pentyl-3-
methyl-
imidazolium 
553.35 0.0065 0.804 1.148 -0.11 
10 1-octyl-3-
methyl-
imidazolium 
556.75 0.0057 0.889 1.117 -0.237 
11 1-butyl-1-
methyl-
pyrrolidinium 
551.04 0.0095 0.7957 1.138 0.271 
12 NH4 557.77 0.0001 0.603 1.1604 -4.196 
 
Table 5.28  Properties of resulted RTIL + PE blends consisting of BF4 anion  
SL NO IONIC  LIQUID  
cation for  BF4 
anion-PPE 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density BF4 
1 1-hexyl-pyridinium 547.765 0.00887 0.7932 1.066 0.199 
2 1-butyl-pyridinium 543.99 0.010 0.736 1.0851 0.322 
3 1-ethyl-pyridinium 538.67 0.0118 0.6804 1.106 0.492 
4 1-octyl-pyridinium 550.77 0.008 0.8497 1.050 0.097 
5 1-methyl-
pyridinium 
534.36 0.0134 0.653 1.1169 0.613 
6 1-ethyl-3-methyl-
imidazolium 
539.958 0.0112 0.6888 1.100 0.437 
7 1-butyl-3-methyl-
imidazolium 
544.81 0.0095 0.7449 1.079 0.277 
8 1-hexyl-3-methyl-
imidazolium 
548.44 0.0085 0.8016 1.061 0.160 
9 1-pentyl-3-methyl-
imidazolium 
546.733 0.0089 0.7735 1.0699 0.211 
10 1-octyl-3-methyl-
imidazolium 
551.274 0.0077 0.858 1.045 0.061 
11 1-butyl-1-methyl-
pyrrolidinium 
545.547 0.0113 0.764 1.059 0.442 
12 NH4 526.504 0.0012 0.5752 1.0485 -1.74 
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Table 5.29 Properties of resulted RTIL + PE blends consisting of CF3SO3 anion  
SL NO IONIC  
LIQUID  
cation for 
CF3SO3 
anion-PPE 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
550.102 0.00822 0.8422 1.127 0.123 
2 1-butyl-
pyridinium 
547.109 0.009 0.7857 1.148 0.219 
3 1-ethyl-
pyridinium 
542.99 0.01027 0.7295 1.173 0.346 
4 1-octyl-
pyridinium 
552.592 0.00758 0.8987 1.108 0.043 
5 1-methyl-
pyridinium 
539.478 0.0111 0.7024 1.1857 0.425 
6 1-ethyl-3-
methyl-
imidazolium 
543.967 0.0099 0.7379 1.167 0.311 
7 1-butyl-3-
methyl-
imidazolium 
547.77 0.00877 0.794 1.143 0.189 
8 1-hexyl-3-
methyl-
imidazolium 
550.75 0.008 0.8507 1.1218 0.097 
9 1-pentyl-3-
methyl-
imidazolium 
549.36 0.00833 0.822 1.131 0.136 
10 1-octyl-3-
methyl-
imidazolium 
552.989 0.0074 0.9072 1.103 0.019 
11 1-butyl-1-
methyl-
pyrrolidinium 
548.75 0.0099 0.8134 1.122 0.425 
12 NH4 531.633 0.00217 0.623 1.134 -1.205 
 
Table 5.30  Properties of resulted RTIL + PE blends consisting of TF2N anion  
SL NO IONIC  
LIQUID  
cation for  
TF2N anion-
PPE 
Boiling 
Point(k) 
Vapor 
pressure(KPa) 
volume Density Activity 
coeff 
1 1-hexyl-
pyridinium 
557.053 0.0060 0.9555 1.221 -0.187 
2 1-butyl-
pyridinium 
555.150 0.0064 0.899 1.246 -0.115 
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3 1-ethyl-
pyridinium 
552.71 0.0070 0.842 1.274 -0.029 
4 1-octyl-
pyridinium 
558.59 0.0056 1.011 1.199 -0.246 
5 1-methyl-
pyridinium 
551.047 0.0072 0.815 1.287 -0.0066 
6 1-ethyl-3-
methyl-
imidazolium 
552.98 0.0068 0.851 1.2677 -0.056 
7 1-butyl-3-
methyl-
imidazolium 
555.411 0.0062 0.9071 1.2407 -0.149 
8 1-hexyl-3-
methyl-
imidazolium 
557.231 0.0058 0.963 1.216 -0.216 
9 1-pentyl-3-
methyl-
imidazolium 
556.44 0.0059 0.935 1.227 -0.191 
10 1-octyl-3-
methyl-
imidazolium 
558.689 0.0055 1.020 1.194 -0.276 
11 1-butyl-1-
methyl-
pyrrolidinium 
554.931 0.0082 0.9267 1.219 0.121 
12 NH4 567.197 0.00019 0.733 1.259 -3.59 
 
The following observations were made from the property analysis: 
 The density of the selected imidazolium cation based RTIL blends varies with the 
alkanolamine order of PE> MEA> DEA> MDEA> AMP and PE> DEA> MDEA> 
MEA> AMP for pyridinium cation based RTIL blends. The density of the selected 
imidazolium cation based RTIL blends varies with the anion, order of TF2N> BF4> 
CF3SO3 > BF4 ~ Chloride, and TF2N> PF6> CF3SO3> BF4, ~Chloride in  pyridinium 
cation based RTIL blends. The density of the RTIL+ alkanolamine blends are higher 
in comparison to the plain RTILs 
 The lowest vapour pressures from all the combinations were found in DEA and PE 
based RTIL blends and with imidazolium and pyridinium based.RTILs containing PF6 
and TF2N anions. The variation in vapour pressure was found to be independent of the 
alkyl chain length of the cation. The overall values ranged from 0.005 to 0.009KPa.  
 The boiling point was observed to increase with increase in alkyl chain length of the 
cations and it followed the order of PE> DEA> MDEA> MEA > AMP in their RTIL 
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blends. The highest values were found with RTILs containing the PF6 and TF2N anion 
groups. 
 The activity coefficients of the RTIL+ alkanolamine blends decreased in the pattern: 
of AMP ~PE> DEA> MEA> MDEA and the least values were found with RTILs 
containing the PF6 and TF2N anion groups. 
It has been found that RTIL+ alkanolamine blends containing the anions TF2N and PF6 
exhibits the most desirable properties for CO2 absorption in combination with the 
alkanolamine solvents MEA, DEA and PE.  
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CHAPTER 6 
SOLUBILITY OF THE ALKANOLAMINES IN THE RTIL 
SOLVENTS 
Cosmotherm calculates a non-iterative infinite dilution solubility of a solute in the ionic 
liquid solvent. This serves as a useful first-hand solubility guess for a fast screening 
procedure. This property has been executed for BP-TZVP level of theory. The solubilities of 
the various solvents in the selected RTILs are analyzed here. Solvents with a high solubility 
in the RTIL are desirable. In the Fig. 6.1, the solubility values are obtained through the ionic 
liquid screening tab of the cosmothermx software. The solute here is alkanolamine in the 
ionic liquid solvent [1-hexyl-pyridinium][TF2N]. 
 
Fig 6.1  solubility of alkanolamine in the ionic liquid 
The following tables provide the solubility values of the different solvents in all the chosen 
RTILs. 
Table 6.1  Solubility of monoethanolamine (MEA) in resulted RTILs 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl pyridinium 3.22 1.11 1.01 1.22 1.07 
1-butyl-pyridinium 3.96 0.972 0.869 1.15 1.08 
1-ethyl-pyridinium 7.24 0.760 0.655 1.01 1.06 
1-octyl-pyridinium 2.92 1.16 1.09 1.23 1.05 
1-methyl-pyridinium 14.00 0.542 0.467 0.879 1.11 
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1-ethyl-3-methyl-
imidazolium 
6.82 0.75 0.722 1.03 1.10 
1-butyl-3-methyl-
imidazolium 
4.00 1.04 0.91 1.16 1.14 
1-hexyl-3-methyl-
imidazolium 
3.28 1.18 1.04 1.21 1.13 
1-pentyl-3-methyl-
imidazolium 
3.51 1.14 0.993 1.20 1.16 
1-octyl-3-methyl-
imidazolium 
2.99 1.24 1.12 1.23 1.12 
1-butyl-1-methyl-
pyrrolidinium 
5.51 0.42 0.56 0.76 0.54 
 
Table 6.2  Solubility of diethanolamine (DEA) in resulted RTILs 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
1.80 3.83 1.84 2.21 3.19 
1-butyl-
pyridinium 
2.20 2.46 1.23 1.80 2.97 
1-ethyl-
pyridinium 
5.25 1.23 0.61 1.21 2.62 
1-octyl-
pyridinium 
1.75 3.93 2.34 2.47 3.26 
1-methyl-
pyridinium 
15.61 0.749 0.303 0.874 2.66 
1-ethyl-3-
methyl-
imidazolium 
4.92 1.46 0.781 1.31 2.83 
1-butyl-3-
methyl-
imidazolium 
2.34 2.84 1.39 1.88 3.30 
1-hexyl-3-
methyl-
imidazolium 
1.93 3.82 2.00 2.27 3.50 
1-pentyl-3-
methyl-
imidazolium 
2.02 3.45 1.73 2.11 3.48 
1-octyl-3-
methyl-
imidazolium 
1.87 4.44 2.50 2.52 3.60 
1-butyl-1-
methyl-
pyrrolidinium 
5.26 1.01 1.02 1.42 1.41 
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Table 6.3  Solubility of N-methyldiethanolamine (MDEA) in resulted RTILs 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
1.5 2.40 1.77 1.75 2.87 
1-butyl-
pyridinium 
1.86 1.4 0.677 1.26 2.45 
1-ethyl-
pyridinium 
5.26 0.576 0.277 0.722 1.89 
1-octyl-
pyridinium 
1.50 3.14 1.69 2.15 3.16 
1-methyl-
pyridinium 
19.95 0.280 0.114 .0451 1.74 
1-ethyl-3-
methyl-
imidazolium 
4.71 0.718 0.376 0.815 2.07 
1-butyl-3-
methyl-
imidazolium 
1.95 1.75 0.797 1.35 2.72 
1-hexyl-3-
methyl-
imidazolium 
1.59 2.74 1.32 1.83 3.16 
1-pentyl-3-
methyl-
imidazolium 
1.66 2.31 1.06 1.61 3.01 
1-octyl-3-
methyl-
imidazolium 
1.59 3.55 1.84 2.22 3.48 
1-butyl-1-
methyl-
pyrrolidinium 
4.54 0.725 0.676 1.10 1.31 
 
Table 6.4   Solubility of 2-amino-2-methyl-1-propanol (AMP) in resulted RTILs 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
1.96 2.50 1.53 2.00 3.09 
1-butyl-
pyridinium 
2.61 1.66 1.03 1.55 2.65 
1-ethyl-
pyridinium 
7.17 0.748 0.577 1.00 2.06 
1-octyl-
pyridinium 
1.84 3.19 2.03 2.37 3.41 
1-methyl-
pyridinium 
22.06 0.35 0.292 0.637 1.76 
1-ethyl-3-
methyl-
imidazolium 
6.46 0.888 0.713 1.09 2.19 
1-butyl-3- 2.67 1.84 1.14 1.61 2.82 
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methyl-
imidazolium 
1-hexyl-3-
methyl-
imidazolium 
 
2.03 2.71 1.64 2.04 3.26 
1-pentyl-3-
methyl-
imidazolium 
2.20 2.32 1.39 1.40 3.09 
1-octyl-3-
methyl-
imidazolium 
1.91 3.43 2.12 2.40 3.60 
1-butyl-1-
methyl-
pyrrolidinium 
5.31 0.993 1.05 1.38 1.64 
 
Table 6.5   Solubility of 2-piperidineethanol (PE) in resulted RTILs 
CATION  Chloride PF6 BF4 CF3SO3 TF2N 
1-hexyl 
pyridinium 
0.842 1.20 0.517 0.937 2.27 
1-butyl-
pyridinium 
1.17 0.564 0.25 0.567 1.63 
1-ethyl-
pyridinium 
4.62 0.137 0.087 0.248 0.968 
1-octyl-
pyridinium 
0.829 1.96 0.88 1.33 2.87 
1-methyl-
pyridinium 
21.92 0.039 0.028 0.113 0.691 
1-ethyl-3-
methyl-
imidazolium 
4.06 0.20 0.134 0.31 1.15 
1-butyl-3-
methyl-
imidazolium 
4.00 1.04 0.91 1.16 1.14 
1-hexyl-3-
methyl-
imidazolium 
0.894 1.49 0.625 1.04 2.65 
1-pentyl-3-
methyl-
imidazolium 
0.97 1.10 0.46 0.851 2.33 
1-octyl-3-
methyl-
imidazolium 
0.88 2.37 1.025 1.46 3.43 
1-butyl-1-
methyl-
pyrrolidinium 
5.51 0.426 0.561 0.761 0.54 
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From the obtained database, Following have been observed:  
 Except for the case of chloride  anion, the solubility of the alkanolamine solvents in 
RTILs increased with increased carbon chain length of the constituent cation. In case 
of mononethanolamine for both chlorine and TF2N anions, the solubility decreases 
with increase in carbon chain length of the constituent cation.  
 In pyridinium cation based RTILs, the solubility varies in the order of 
DEA>AMP>MDEA>PE>MEA.   
 Among the RTIL+ alkanolamine blends considered, the highest solubilities were 
shown in RTILs containing the anions PF6 ~TF2N > CF3SO3> BF4, with increasing 
carbon chain lengths of the cations. The values ranged from 2.03-3.41 for AMP and 
2.34-3.93 for DEA. 
 For the set of imidazolium cation based RTILs, the solubility varies in the order of 
DEA> AMP ~MDEA> PE> MEA.  The alkanolamine solubility in RTILs varies with 
the anions in the order PF6> TF2N> CF3SO3> BF4. The values ranged from 2.50 to 
4.44 for DEA and 2.12 to 3.60 for AMP. 
 Overall maximum solubility were found for DEA and AMP in RTILs containing the 
anions PF6 and TF2N. 
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CHAPTER 7 
OCTANOL –WATER PARTITION COEFFICIENTS 
The octanol-water partition coefficient (Kow) gives an idea about the way in which a 
solute/contaminant partitions between water and an organic phase (octanol). At equilibrium 
,it‟s the ratio of concentration of the compound in the water to octanol.          is generally 
considered as a monitor for checking the adorption of the chemical compound in the soil. The 
larger its‟ value, lower is the biodegradability of the compound. 
          
        
      
                                                                                                            (7.1) 
                     = molar concentration of solute in octanol and water at a specified 
temperature. The screenshot of octanol-water partition coefficient calculation is shown in Fig. 
7.1: 
 
Fig 7.1: Calculation of octanol-water partition coefficients 
The partition coefficient values obtained for the alkanolamine solvents under consideration 
are presented in Table 7.1. 
Table 7.1: Values of octanol-water partition coefficients 
COMPOUND Kow 
MEA 0.3798 
DEA 0.585 
MDEA 1.150 
AMP 1.53 
PE 4.481 
Since all the Kow values are found to be extremely low (<<10,000), the compounds are 
considered to be environmental friendly. 
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CHAPTER 8 
CONCLUSIONS AND FUTURE SCOPE 
8.1  Conclusions 
From the initial database of ILs,  it was found that the pyridinium and imidazolium groups of 
cations exhibited superior properties. These cations were chosen for further study in the set of 
RTILs for solvent screening purposes. In the light of the different property comparisons done, 
including CO2 solubility, FFV and various other thermophysical properties, some groups of 
anions and solvents were found to exhibit relatively more desirable characters in all sections. The 
solvent screening has greatly narrowed down the solvents available to an optimum. The anions 
rendering the optimum properties are PF6 and TF2N and the solvents fulfilling the maximum 
criteria as an ideal solvent for CO2 absorption procedure are DEA,MDEA and MEA although 
specific suitable properties like absorption capacitites have a maximum in AMP. An even trade-
off between the properties have to be fixed and a specific cation-anion combination and solvent 
combination can be used depending on the purpose at hand. Thereby the database obtained from 
these simulations can be used to find solvents for specific purposes claiming specific properties 
and for experimental validation of properties at a reduced cost. 
 
8.2  Future Scope 
The limitations in property estimation owing to the shortcomings of the cosmotherm software 
can be overcome by planning some definite experimental schedule. As the next step, work has to 
be directed towards the study of thermodynamic properties of RTIL blends, regeneration 
efficiency, selectivity and recovery capacity of these solvents. In future, simulation can be done 
on more combinations of RTILs and alkanolamine solvents. 
 
